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A NEW  FOSSIL  PINNIPED  (MAMMALIA:  OTARIIDAE) 
FROM  THE  MIDDLE  MIOCENE  SHARKTOOTH 
HILL  BONEBED,  CALIFORNIA 

Lawrence  G.  Barnes1 


ABSTRACT.  A large,  derived  extinct  otariid,  Pelagiarctos  thomasi, 
new  genus  and  species,  is  the  third  fossil  pinniped  species  to  be 
named  in  the  Middle  Miocene  age  Sharktooth  Hill  Local  Fauna  from 
Kern  County,  California,  U.S.A.  The  two  previously  named  species 
in  this  fossil  assemblage  are  the  common,  large,  and  highly  derived 
allodesmine,  Allodesmus  kernensis  Kellogg,  1 922,  and  the  less  com- 
mon, small,  primitive  imagotariine,  Neotherium  mirum  Kellogg, 
1931.  Remains  of  these  and  other  fossil  vertebrates  occur  in  a ver- 
tically restricted  and  laterally  extensive  stratum,  the  Sharktooth  Hill 
Bonebed.  Pelagiarctos  thomasi,  an  extremely  rare  species  in  this 
bonebed,  is  apparently  a member  of  the  subfamily  Imagotarnnae, 
and  has  a primitive  dentition  but  relatively  derived  mandibular 
morphology.  Its  ankylosed  mandibular  symphysis,  a derived  char- 
acter, is  convergent  with  the  condition  in  living  walruses.  Its  cheek 
tooth  morphology  is  derivable  from  that  of  the  earlier  and  more 
primitive  species  in  the  subfamily  Enaliarctinae.  Its  tooth  and  man- 
dibular morphology,  large  body  size,  and  extreme  rarity  in  the  fossil 
assemblage  suggest  that  it  may  have  been  a predator  of  large  marine 
vertebrates. 

INTRODUCTION 

The  Middle  Miocene  age  Sharktooth  Hill  Bonebed,  a fan- 
tastically rich  fossil  deposit  in  the  upper  part  of  the  Round 
Mountain  Silt  in  Kern  County,  California,  has  yielded  the 
most  diverse  and  best  studied  Tertiary  fossil  marine  verte- 
brate assemblage  yet  known  from  anywhere  within  the  Pacific 
realm  (Mitchell,  1966;  Barnes,  1976;  Barnes  and  Mitchell, 
1984).  This  fossil  assemblage,  called  the  Sharktooth  Hill  Lo- 
cal Fauna  (Wood  et  al.,  1941),  is  comprised  of  more  than 
one  hundred  species  of  sharks,  bony  fish,  turtles,  birds  and 
mammals,  including  the  rare  fossils  of  some  contempora- 
neous terrestrial  mammals,  reptiles,  and  birds  that  originated 
from  the  adjacent  Miocene  land  mass.  The  Sharktooth  Hill 
Bonebed  is  a single,  relatively  thin,  but  laterally  widespread 
horizon.  It  has  been  correlated  with  the  Barstovian  North 
American  Land  Mammal  Age,  and  with  the  “Temblor”  pro- 
visional provincial  mega-invertebrate  stage  of  Addicott 
(1972),  and  is,  therefore,  between  approximately  13  and  15 
million  years  old  (Wood  et  ah,  1941;  Mitchell,  1966;  Barnes, 
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1976;  Barnes  and  Mitchell,  1 984:4).  Two  extinct  otariid  pin- 
nipeds have  previously  been  recognized  from  this  bonebed: 
a numerically  abundant,  large,  and  highly  derived  allodes- 
mine— Allodesmus  kernensis  Kellogg,  1922;  and  a less  com- 
mon, small,  and  primitive  imagotariine— Neotherium  mirum 
Kellogg,  1931. 

Allodesmus  kernensis  was  originally  described  on  the  basis 
of  a partial  mandible  (the  holotype)  and  some  referred  post- 
cranial  bones  (Kellogg,  1922);  Kellogg  later  (1931)  assigned 
some  additional  bones  to  the  species.  After  collecting  a nearly 
complete  skeleton  from  the  same  bonebed,  Mitchell  (1966) 
provided  a definitive  analysis  of  the  osteology  of  Allodesmus 
Kellogg,  1 922,  and  named  a new  species,  Allodesmus  kel- 
loggi.  I subsequently  (Barnes,  1972)  synonymized  A kelloggi 
Mitchell,  1966,  with  A.  kernensis,  and  analyzed  variation  in 
what,  by  then,  had  become  a significantly  large  sample  of  the 
species  from  the  bonebed. 

The  basis  for  Kellogg's  (1931)  recognition  of  another  pin- 
niped, Neotherium  mirum,  in  the  same  deposit  was  some 
isolated  foot  bones  (the  “type  material”)  and  other  referred 
postcranial  elements.  A few  other  isolated  postcranial  bones 
have  been  subsequently  assigned  to  this  species  by  Mitchell 
(1961),  Mitchell  and  Tedford  (1973),  and  Repenning  and 
Tedford  (1977),  and  N.  mirum  has  become  regarded  as  a 
primitive  relative  of  Imagotaria  downsi  Mitchell,  1968  (see 
Repenning  and  Tedford,  1977).  In  fact,  Neotherium  mirum 
is  the  smallest  and  possibly  the  most  primitive  imagotariine 
yet  known.  I have  now  identified  many  more  bones  of  this 
species  in  museum  collections.  The  available  sample  now 
includes  jaws  and  cranial  parts,  showing  sexual  dimorphism, 
and  these  conform  with  the  above  conclusions  about  the 
relationships  of  the  species  (Barnes,  unpublished  data). 

In  addition  to  the  two  previously  named  species  (including 
the  synonymized  Allodesmus  kelloggi),  Mitchell  (1966:29) 
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recognized  two  additional,  unnamed  pinnipeds  from  the 
Sharktooth  Hill  Bonebed.  Represented  only  by  postcranial 
bones,  Mitchell  listed  them  in  the  faunal  assemblage  as 
“Otariidae,  n.  genus”  and  “Odobenidae,  undet.”  I have  also 
(Barnes,  1972:57-60,  figs.  23,  24)  described  and  illustrated 
two  partial  mandibles  representing  two  possibly  unnamed 
species  in  the  same  assemblage,  referring  to  them  as  “Des- 
matophocine  B”  and  “Desmatophocine  C.”  The  first  of  these 
is  the  larger  and  is  approximately  the  same  size  as  Allodesmus 
kernensis.  The  second  is  smaller  and  more  primitive.  In  light 
of  his  re-definition  (Mitchell,  1968)  of  the  subfamilies  Des- 
matophocinae  and  Allodesminae,  Mitchell  (1975:15-17) 
subsequently  suggested  that  both  of  the  species  that  I called 
desmatophocines  may  actually  belong  in  the  subfamily  Al- 
lodesminae. It  is  impossible  at  this  time  to  correlate  the  two 
unnamed  taxa  that  were  recognized  by  Mitchell  (1966)  on 
the  basis  of  limb  bones  with  those  that  I later  (1972)  rec- 
ognized on  the  basis  of  mandibles,  and  more  fossil  material 
must  be  obtained  and  studied  to  clarify  the  identities  of  these 
enigmatic  taxa. 

The  purpose  of  the  present  paper  is  to  describe  and  name 
another  species  of  otariid  pinniped  from  the  Sharktooth  Hill 
Bonebed.  It  is  the  fifth  one  now  known  from  this  deposit  on 
the  basis  of  separate  mandibular  morphotypes,  and  it  is  the 
third  to  be  named.  The  species  is  based  on  a partial  mandible 
and  several  teeth  and,  therefore,  can  be  compared  directly 
with,  and  readily  differentiated  from,  available  material  of 
its  contemporaries:  Allodesmus  kernensis,  Neotherium  mi- 
rum,  “Desmatophocine  B,”  and  “Desmatophocine  C.” 

METHODS  AND  MATERIALS 

All  of  the  specimens  described  here  are  from  the  Sharktooth 
Hill  Bonebed,  and  are  housed  in  the  Natural  History  Museum 
of  Los  Angeles  County,  Los  Angeles,  California  (LACM),  or 
the  University  of  California  Museum  of  Paleontology,  Berke- 
ley, California  (UCMP).  Precise  locality  data  for  these  spec- 
imens may  be  obtained  from  these  institutions  upon  request 
by  qualified  investigators. 

Anatomical  terminology  used  in  this  study  follows  that  of 
Miller,  Christensen,  and  Evans  (1964)  and  Barnes  (1972). 
Homologies  and  nomenclature  of  the  cheek  tooth  structures 
are  those  commonly  employed  for  mammals  (e.g.,  Hersh- 
kovitz,  1971)  and  as  applied  to  otariids  (Mitchell  and  Ted- 
ford,  1973;  Barnes,  1979).  The  measurements  of  the  man- 
dible were  made  following  the  methods  explained  by  Barnes 
(1972:4-5,  fig.  2).  Measurements  of  the  cheek  tooth  crowns 
are  the  overall  maximum  length  (anteroposteriorly)  and  the 
overall  crown  height,  from  the  enamel  margin  to  the  apex  of 
the  main  cusp.  Specimens  in  Figures  2 and  4 were  coated  for 
photography  with  a sublimate  of  ammonium  chloride.  All 
artwork  is  by  the  author.  My  restoration  of  the  mandible 
(Fig.  3)  is  a composite,  and  is  based  on  both  sides  of  the 
holotype.  Images  of  some  of  the  referred  premolars  were 
reversed  in  order  to  yield  the  restored  partial  dentition. 

The  authority  I selected  for  Recent  species  is  the  book  by 
Ridgway  and  Harrison  (eds.,  1981),  and  that  reference  may 
be  consulted  for  distributions  and  nomenclature  of  living 


taxa.  In  cases  where  a family-group  name  is  not  used  at  the 
same  rank  and/or  in  the  same  context  as  originally  described, 
the  original  author  is  listed  in  parentheses. 

SYSTEMATICS 

Class  Mammalia  Linnaeus,  1758 
Order  Carnivora  Bowdich,  1821 
Infraorder  Arctoidea  Rower,  1869 
Parvorder  Ursida  Tedford,  1976 
Family  Otariidae  Gill,  1866 

INCLUDED  SUBFAMILIES.  Enaliarctinae  Mitchell  and 
Tedford,  1973;  Otariinae  (Gill,  1866);  Desmatophocinae 
(Hay,  1930);  Allodesminae  (Kellogg,  1931);  Imagotariinae 
Mitchell,  1968;  Dusignathinae  Mitchell,  1968;  Odobeninae 
(Allen,  1880). 

?Subfamily  Imagotariinae  Mitchell,  1968 

INCLUDED  GENERA.  Neotherium  Kellogg,  1931;  Ima- 
gotaria  Mitchell,  1968;  Pontolis  True,  1906;  and  apparently 
Pelagiarctos,  new  genus. 

Pelagiarctos,  new  genus 

DIAGNOSIS  OF  GENUS.  A genus  of  Otariidae  appar- 
ently belonging  to  the  subfamily  Imagotariinae;  having  rel- 
atively large  body  size  (estimated  to  be  ca.  2.5  to  3 m long 
for  males);  with  body  of  dentary  thick,  but  deep  dorsoven- 
trally  (as  in  Allodesmus  Kellogg,  1922);  anterior  end  of  man- 
dible extremely  vascularized;  prominent  genial  tuberosity  on 
each  dentary  lateral  to  ventral  extremity  of  mandibular  sym- 
physis, and  continuous  with  anteroposterior  crest  on  ventro- 
lateral margin  of  dentary;  mandibular  symphysis  ankylosed, 
elongate  and  sloping  posteroventrally,  with  trapezium-shaped 
articular  surface;  I,  slightly  posteromedial  to  I2;  lower  canine 
large  and  procumbent,  with  longitudinal  sulcus  on  both  lat- 
eral and  medial  sides  of  root,  resulting  in  bilobed  cross  sec- 
tion; cheek  teeth  with  prominent,  conical  cusps,  arranged 
anteroposteriorly,  and  with  cuspidate  lingual  cingulae;  two 
roots  each  on  P,_3;  tooth  enamel  thick  and  slightly  crenulated; 
taxon  differing  from  both  Neotherium  Kellogg,  1931,  and 
Imagotaria  Mitchell,  1968,  by  having  ankylosed  mandibular 
symphysis;  differing  further  from  Neotherium  by  being  much 
larger  and  by  having  cheek  tooth  crowns  bearing  more  prom- 
inent lingual  cingulae  with  numerous  small  cuspules,  roots 
of  two-rooted  cheek  teeth  closer  together;  and  differing  fur- 
ther from  Imagotaria  by  having  cheek  teeth  with  larger  and 
more  irregularly  sized  and  spaced  cuspules  on  the  lingual 
cingulae,  a more  prominent  labial  cingulum,  one  secondary 
cusp  (metacone  on  uppers,  metaconid  on  lowers)  on  the  pos- 
terior cristae  of  the  crowns,  and  more  widely  spread  roots 
on  lower  cheek  teeth  posterior  to 

TYPE  SPECIES.  Pelagiarctos  thomasi,  new  species. 
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ETYMOLOGY.  The  generic  name,  Pelagiarctos,  is  de- 
rived from  Greek  ( pelagios , of  the  sea;  plus  arktos,  bear),  in 
reference  to  the  relatively  primitive,  somewhat  arctoid  form 
of  the  cheek  tooth  crowns  of  this  marine  carnivore.  The  root, 
“ arctos also  appears  commonly  in  otariid  nomenclature 
and  reflects  the  bear-like  appearance  of  some  otariids  and/ 
or  the  reputed  phyletic  relationships  between  them  and  the 
terrestrial  arctoid  carnivores,  especially  the  bears,  family  Ur- 
sidae. 

Pelagiarctos  thomasi,  new  species 

Figures  1-3 

DIAGNOSIS  OF  SPECIES.  The  same  as  for  the  genus. 

HOLOTYPE.  LACM  121501,  anterior  ends  of  right  and 
left  dentaries,  joined  at  the  mandibular  symphysis,  with  roots 
of  right  I,,  both  canines,  and  right  P3;  collected  by  Howell 
W.  Thomas  ca.  March  1980. 

TYPE  LOCALITY.  LACM  locality  3 1 62,  Sharktooth  Hill 
Bonebed,  Round  Mountain  Silt,  Sharktooth  Hill  area,  Kern 
River  district,  Kern  County,  California. 

REFERRED  SPECIMENS.  LACM  123415,  right  P3  or 
P4  from  LACM  locality  3 1 62,  collected  by  Howell  W.  Thom- 
as in  1979;  LACM  38812,  right  P,  from  LACM  locality  1557, 
collected  by  Wilma  Maughan  in  1973;  UCMP  93058,  left  P2 
from  UCMP  locality  V-71013,  collected  by  Robert  Machris; 
LACM  72856,  cast  of  right  P3  or  P4,  original  specimen  from 
LACM  locality  4116,  collected  by  Gregory  Art  in  February 
1972  and  still  owned  by  the  collector;  LACM  122310,  left 
P3  or  P4  from  LACM  locality  4874,  collected  by  Stephen  F. 
Black  in  1980;  all  from  the  Sharktooth  Hill  Bonebed  in  the 
Kern  River  district,  Kern  County,  California. 

ETYMOLOGY.  The  species  name,  thomasi,  is  in  honor 
of  the  discoverer  of  the  holotype  and  of  one  of  the  referred 
specimens,  Howell  W.  Thomas,  Senior  Museum  Technician, 
LACM.  Mr.  Thomas  has  collected  extensively  in  the  Shark- 
tooth Hill  Bonebed,  and  has  placed  many  valuable  and  unique 
specimens  in  museums. 

DESCRIPTION.  Mandible.  The  holotype,  LACM  121501, 
consists  of  the  anterior  extremities  of  the  right  and  left  den- 
taries, ankylosed  at  the  symphysis  (Fig.  1).  The  right  dentary 
is  broken  vertically  between  the  alveoli  for  P3  and  P4  and 
the  left  is  broken  obliquely  just  posterior  to  the  canine.  This 
breakage  occurred  after  death,  but  prior  to  final  deposition. 
The  body  of  the  dentary  is  deep  dorsoventrally,  as  in  the 
contemporaneous  allodesmine  otariid,  Allodesmus  kernensis, 
but  it  is  much  thicker  transversely,  and  is  thickest  just  ventral 
to  its  mid-portion.  The  bone  surface  of  the  mandible  is  very 
rugose  and  pitted  by  numerous  foramina  and  sulci,  especially 
near  the  symphysis  and  between  the  canines  (Fig.  1 d).  Lateral 
to  the  most  ventral  part  of  the  symphysis  is  a prominent, 
rugose  genial  tuberosity.  This  tuberosity  is  continuous  with 
a rounded  crest  that  extends  posteriorly  along  the  ventrolat- 
eral margin  of  the  dentary. 

There  are  three  large  mental  foramina  on  the  lateral  side 
of  the  right  dentary,  but  only  one  large  one  in  the  same 
location  on  the  left.  This  contrasts  with  the  condition  in 
Allodesmus  kernensis,  in  which  several  smaller  mental  fo- 


ramina are  scattered  on  the  lateral  surface  of  each  dentary. 
One  large  anterior  mental  foramen  is  located  ventral  to  the 
incisor  alveoli,  on  the  anterior  surface  of  each  dentary  (Fig. 
la).  This  contrasts  with  the  usual  presence  of  two  smaller 
anterior  mental  foramina  in  the  same  location  in  Allodesmus 
kernensis.  Ventral  to  this  foramen  in  Pelagiarctos  thomasi, 
the  bone  at  the  symphysis  projects  anteriorly,  and  from  that 
point,  the  anterior  margin  of  the  symphysis  then  slopes  uni- 
formly posteroventrally.  A sagittal  section  through  the  artic- 
ular surface  of  the  symphysis  itself  is  trapezium-shaped  in 
cross  section  and  the  perimeter  of  the  symphysis  is  variably 
marked  by  irregular  pits  and  raised  crests  in  the  bone.  There 
are  two  large,  deep,  median  pits  in  its  posterior  side  dorsal 
to  the  genial  tuberosity  (Fig.  lb). 

The  two  lower  incisors  are  not  aligned  transversely  as  in 
the  generalized  mammalian  condition,  but  they  are  com- 
pressed between  the  large  canines  so  that  the  L is  slightly 
anterolateral  to  I,.  This  condition  is  not  as  derived  as  in 
Allodesmus  kernensis,  however,  in  which  more  extreme  con- 
striction has  caused  these  two  teeth  to  be  aligned  almost 
anteroposteriorly.  Pelagiarctos  thomasi  also  differs  further 
from  A.  kernensis  in  that  the  I , is  relatively  larger  in  diameter 
and  closer  to  the  anterior  margin  of  the  dentary.  The  incisors 
are  sufficiently  crowded,  however,  to  cause  their  shared  al- 
veolar walls  to  be  incomplete.  The  medial  wall  of  the  I, 
alveolus  thus  thins  to  less  than  1 mm,  but  the  anterior  wall 
is  thicker.  The  anterolateral  wall  of  the  alveolus  did  not  form, 
and  the  two  incisor  alveoli  are  therefore  almost  entirely  con- 
fluent. The  I,  alveolus  is  approximately  25  mm  deep  and 
oval  in  cross  section.  The  proximal  end  of  the  root  of  the 
broken  right  I,  is  still  firmly  lodged  in  its  alveolus.  The  al- 
veolus for  I2  is  larger  in  diameter  than  that  for  I,,  more  than 
30  mm  deep  and  more  nearly  circular  in  cross  section  than 
that  of  I,.  Its  posterolateral  wall  is  incomplete  and  this  al- 
veolus is  confluent  with  the  canine  alveolus.  The  canine  root 
is  extremely  procumbent  and  the  symphysis,  corresponding- 
ly, forms  an  angle  of  approximately  45  degrees  relative  to 
the  top  of  the  cheek  tooth  row  (see  method  of  measurement 
in  Barnes,  1972:fig.  2c).  The  alveolus  of  the  canine  is  bilobed 
anteroposteriorly  and  has  a very  thin  lateral  wall. 

The  preserved  anterior  part  of  the  cheek  tooth  row  is  straight 
and  extends  posterolaterally  directly  in  line  behind  the  canine 
alveolus  (Fig.  Id).  The  lingual  walls  of  the  cheek  tooth  alveoli 
are  higher  than  the  labial  walls,  the  opposite  of  the  condition 
in  Allodesmus  kernensis,  and  the  alveolar  rims  are  thick  and 
bear  numerous  small  foramina  and  shallow  grooves  that  mark 
the  previous  courses  of  many  small  blood  vessels.  A bony 
interalveolar  septum  separates  the  alveolus  of  P,  from  that 
of  the  canine.  The  P,  alveolus  is  procumbent,  approximately 
1 7 mm  deep,  and  is  separated  from  the  anterior  alveolus  of 
P2  by  a well-formed  interalveolar  septum.  The  presence  of  a 
small,  vertical  crest  on  the  labial  side  of  the  P,  indicates  that 
the  root  of  the  tooth  was  bilobed  in  cross  section  near  the 
gum  line.  The  P2  has  two  alveoli  that  are  separated  by  an 
incompletely  formed  transverse  septum  (Fig.  Id).  The  al- 
veolus for  the  anterior  root  of  P2  is  14  mm  deep  and  9.5  mm 
in  transverse  diameter.  It  is  slightly  compressed  anteropos- 
teriorly and,  at  its  widest  dimension,  is  oriented  obliquely 
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Figure  1.  Pelagiarctos  thomasi,  new  genus  and  species,  holotype,  partial  mandible,  LACM  121501,  LACM  locality  3162;  a,  anterior  view; 
b,  posterior  view;  c,  right  lateral  view;  d,  dorsal  or  occlusal  view;  e,  ventral  view. 


to  the  long  axis  of  the  dentary.  The  alveolus  for  the  posterior 
root  of  P2  is  deeper  (17  mm)  and  wider  (12  mm)  than  that 
for  the  anterior  root,  and  its  widest  dimension  is  canted  at 
yet  a more  oblique  angle  to  the  axis  of  the  dentary  than  the 
anterior  root. 

Only  a very  thin  interalveolar  septum  separates  the  pos- 
terior alveolus  of  the  P2  from  the  anterior  one  for  P3.  Like 
the  P:,  the  P3  also  had  two  roots,  but  it  has  two  distinct 
alveoli,  separated,  in  this  case,  by  a complete  transverse  sep- 
tum (Fig.  Id).  The  two  roots  of  P,  are  more  divergent  at  their 


extremities  than  those  of  P;.  The  alveoli  of  P3  are  more  nearly 
cylindrical,  smaller,  and  more  nearly  equal  in  size  than  are 
those  of  P2.  The  two  roots  of  the  broken  right  P3  remain 
lodged  in  their  alveoli.  Neither  root  has  an  open  pulp  cavity, 
further  confirming  that  this  specimen  is  from  an  adult  in- 
dividual. 

Measurements  of  the  mandible  are:  maximum  length  of 
symphysis— 96.8  mm;  maximum  breadth  of  symphysis- 
48. 6 mm;  depth  of  ramus  at  P3  — 64.9  mm;  anteroposterior 
diameters  of  alveoli,  I,  — 13.6  mm,  I2—  13  mm,  C— 35  mm 
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(estimated),  P,  — 14  mm,  P2— 18.5  mm,  P3  — 21  mm  (esti- 
mated) (the  latter  two  are  measured  across  both  alveoli);  C- 
P,  septum— 3.5  mm;  P,-P2  septum  — 2.3  mm;  P2-P3  sep- 
tum— 1 mm. 

Canine.  Parts  of  both  canines  are  in  place  in  the  mandible. 
Breakage  reveals  that  the  pulp  cavities  of  both  teeth  are 
nearly  closed,  with  only  a tiny  vacuity  remaining,  again  in- 
dicative of  the  advanced  age  of  the  individual.  The  right 
canine  was  apparently  broken  off  near  the  gum  line  in  life, 
and  became  worn  down  during  subsequent  use.  This  is  sug- 
gested by  the  condition  of  the  apex  of  this  broken  tooth, 
which  is  rounded  and  polished.  The  surface  of  the  mandible 
is  otherwise  unabraded,  so  the  canine  undoubtedly  was  not 
affected  by  significant  postmortem  geologic  abrasion,  but  was 
worn  during  life.  The  left  canine  shows  fresh,  angular  break- 
age far  down  in  the  alveolus  (Fig.  Id).  This  apparently  oc- 
curred postmortem,  but  prior  to  fossilization.  The  left  canine 
root  has  a thin  (ca.  1 to  2 mm-thick)  outer  layer  of  cementum 
over  the  inner,  sequential  cones  of  cementum  (for  tooth  struc- 
ture see,  e.g.,  Scheffer  and  Kraus,  1964:308,  pi.  17).  The 
canine  of  P.  thomasi  differs  from  that  oiAl/odesmus  kernensis 
by  being  relatively  larger  and  by  having  a root  that  is  bilobed 
in  cross  section,  with  a groove  on  both  the  lingual  and  labial 
sides.  Of  these,  the  labial  groove  is  the  deeper  and  wider  (Fig. 
3c). 

P,.  I identify  an  isolated  cheek  tooth,  LACM  38812  (Figs. 
2d-f),  as  a right  P,  of  Pelagiarctos  thomasi  because  it  has  a 
single  root  that  is  slightly  bilobed  in  cross  section  and  which 
corresponds  to  the  shape  and  size  of  the  alveolus  for  the  right 
P,  in  the  holotype  mandible.  The  crown  of  this  tooth  is  15.8 
mm  long  with  a conical  central  cusp  (the  protoconid)  and  a 
cuspidate  lingual  cingulid  bearing  a small  posterior  cusp  (the 
hypoconid).  The  gum  line,  paralleled  by  the  lower  margin  of 
the  enamel,  was  oblique  to  the  long  axis  of  the  root,  but  when 
the  tooth  is  correctly  inserted  into  the  procumbent  P,  alveo- 
lus of  the  holotype  mandible,  the  gum  line  is  parallel  to  the 
dorsal  margin  of  the  dentary.  (The  P,  alveoli  of  carnivores 
with  large,  procumbent  canine  roots  are  likewise  necessarily 
procumbent  if  they  are  crowded  close  to  the  canine.)  The 
root  of  the  P,  is  mostly  broken  away,  revealing  the  absence 
of  a pulp  cavity.  The  anterolabial  quarter  of  the  crown  is  also 
missing.  The  complete  crown  was  oval-shaped  in  occlusal 
view,  with  a slightly  flattened  labial  side.  The  undamaged 
enamel  surface  is  faintly  crenulated  over  all  the  crown.  I 
estimate  that  when  the  central  cusp  was  complete,  the  crown 
was  at  least  15  mm  high.  It  has  a posterior  cristid  (the  epi- 
cristid)  with  a tiny  cusp  (the  reduced  metaconid)  near  the 
base,  and  must  have  had  an  anterior  paracristid  as  well.  The 
cingulid,  bearing  minute  cuspules,  encircles  the  crown  and 
is  not  prominent  labially.  On  the  lingual  side  of  the  crown 
the  cingulid  is  prominent,  irregular,  and  almost  entirely  com- 
prised of  small  cuspules  measuring  approximately  1.5  mm 
across. 

P2.  Another  isolated  cheek  tooth,  UCMP  93058  (Figs.  2g- 
i),  I identify  as  a left  P2  of  Pelagiarctos  thomasi  because  it 
has  two  roots  whose  size,  depth,  cross-sectional  shape,  and 
degree  of  divergence  (except  for  being  morphologically  re- 
versed) are  appropriate  to  fit  into  the  right  P2  alveoli  of  the 


holotype  mandible.  In  its  basic  morphology,  this  tooth  re- 
sembles the  P2,  P3,  or  P4  of  many  generalized  fissiped  car- 
nivores. It  has  two  long,  nearly  straight  roots,  a triangular, 
slightly  recumbent  central  cusp  (the  protoconid)  with  a smooth 
anterior  paracristid  and  a posterior  epicristid  with  a minute 
metaconid  and  an  encircling  cingulid  that  is  most  prominent 
lingually  and  bears  a posterior  hypoconid.  In  these  same 
characters  it  also  resembles  the  P2  in  a mandible  (UCMP 
1 14474)  which  I identified  (Barnes,  1 979: 1 1 ) as  belonging  to 
a primitive.  Early  Miocene  species  of  the  enaliarctine  otariid 
genus,  Ena/iarctos  Mitchell  and  Tedford,  1973.  This  P,  of 
P.  thomasi  differs  from  that  of  the  enaliarctine  by  having  a 
more  bulbous  central  cusp  (protoconid),  a less  prominent 
posterior  cingular  cusp  (hypoconid),  and  an  additional  small 
cusp  on  the  posterior  cristid  in  addition  to  the  metaconid, 
and  by  lacking  an  anterior  cingular  cusp  (paraconid).  The 
crown  is  18  mm  long,  14  mm  high,  and  has  the  same  types 
of  derived  characters  as  the  P,  described  above:  rugose  enam- 
el surface,  prominent  and  cuspidate  lingual  cingulid,  and  less 
prominent  labial  cingulid. 

P,  or  P4.  Two  isolated  cheek  teeth  (Figs.  2j-o),  a right 
(LACM  72856)  and  a left  (LACM  122310),  have  root  mor- 
phologies that  conform  with  the  alveoli  of  the  P,  in  the  ho- 
lotype mandible.  These  two  teeth  have  an  arrangement  of 
the  cusps  and  cingulids  similar  to  P3’s  and/or  P4’s  of  Early 
Miocene  age  that  have  been  identified  as  belonging  to  En- 
aliarctos  mealsi  Mitchell  and  Tedford,  1973  (see  Barnes, 
1979:figs.  2d,  e,  g,  h;  LACM  17035,  72733).  In  E.  mealsi, 
however,  the  central  cusps  (protoconids)  are  labio-lingually 
compressed  (somewhat  blade-like),  whereas  in  Pelagiarctos 
thomasi  they  are  more  inflated  and  conical.  The  left  pre- 
molar, LACM  122310,  that  I refer  to  P.  thomasi  is  slightly 
more  constricted  medially  at  the  lingual  cingulid,  and  has  a 
less  prominent  labial  cingulid  and  less  divergent  roots  than 
the  other  one,  LACM  72856.  Its  roots  are  not  complete. 

As  with  the  first  two  premolars,  these  have  rugose  enamel, 
prominent,  cuspidate  lingual  cingulids.  and  less  prominent 
labial  cingulids.  They  differ  from  the  P2  by  having  larger 
anterior  and  posterior  cingular  cuspules  and  a single,  larger 
cusp  (metaconid)  on  the  posterior  cristid  rather  than  two 
small  ones.  There  is  apical  wear  on  both  the  main  cusp  (pro- 
toconid) and  the  smaller  cusp  posterior  to  it  (metaconid)  of 
each  of  these  teeth.  The  crowns  of  LACM  72856  and  1 22310, 
respectively,  measure  18.4  mm  and  18.9  mm  long  and  1 1.6 
mm  and  12.2  mm  high.  In  some  generalized  fissiped  carni- 
vores, the  P4  differs  from  the  P3  by  having  a large  metaconid 
and,  therefore,  by  having  a crown  with  four  rather  than  three 
cusps  in  a row.  The  presence  of  four  cusps  in  a row  on  these 
teeth  of  Pelagiarctos  thomasi  may  indicate  a greater  likeli- 
hood that  they  are  P4’s  rather  than  P,’s. 

P3  or  P4.  Another  isolated  cheek  tooth,  LACM  123415 
(Figs.  2a-c),  is  probably  a right  P3  or  P4  of  Pelagiarctos  tho- 
masi. Its  root  is  relatively  short  and  curves  medially,  appro- 
priate for  one  of  the  upper,  or  maxillary,  teeth  which,  in  most 
otariids,  have  relatively  shallow  alveoli  that  curve  medially. 
Such  a condition  exists  in  species  of  Al/odesmus,  for  example, 
as  well  as  in  most  other  fossil  and  living  otariids.  Instead  of 
having  two  separate  roots,  this  tooth  has  them  fused  into  a 
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Figure  2.  Pelagiarctos  thomasi,  new  genus  and  species,  referred  cheek  teeth;  right  upper  premolar,  LACM  123415;  a,  labial  view;  b,  lingual 
view;  c,  occlusal  view;  right  P,.  LACM  38812;  d,  labial  view;  e,  lingual  view;  f,  occlusal  view;  left  P2,  UCMP  93058;  g,  labial  view;  h,  lingual 
view;  i,  occlusal  view;  left  P3  or  P4,  LACM  122310;  j,  labial  view;  k,  lingual  view;  1,  occlusal  view;  cast  of  right  P,  or  P4,  LACM  72856;  m, 
labial  view;  n,  lingual  view;  o,  occlusal  view.  All  natural  size,  all  occlusal  views  are  stereophotographs  in  which  the  anterior  edge  of  the  tooth 
is  toward  the  top  of  the  page. 


single,  bilobed  one.  The  crown  is  considerably  wider  labio- 
lingually  than  those  of  the  lower  cheek  teeth  described  pre- 
viously. The  crown  is  17.4  mm  long  and  10.3  mm  high,  and 
like  the  lower  premolars,  has  rugose  enamel,  a very  promi- 


nent, cuspidate  lingual  cingulum  and  a less  prominent  labial 
cingulum.  It  has  only  a minute  anterior  cingular  cusp  (the 
parastyle),  but  like  the  P3  or  P4  referred  to  the  species,  it  has 
a slightly  larger  posterior  cingular  cusp  (in  this  case,  the  meta- 
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style)  and,  a single,  small  round  cusp,  the  metacone,  posterior 
to  the  paracone. 


DISCUSSION 

Pelagiarctos  thomasi  might  have  evolved  from  some  species 
within  the  Enaliarctinae.  Its  cheek  tooth  crowns  resemble 
those  of  species  of  the  primitive  Early  Miocene  enaliarctine 
genus,  Enaliarctos,  by  having  similar  proportions  and  shapes, 
a similar  anteroposterior  arrangement  of  the  main  cusps  on 
the  tritubercular  crowns,  and  well-developed  labial  and  lin- 
gual cingulae. 

Pelagiarctos  thomasi  and  the  Late  Miocene  imagotariine 
otariid,  Imagotaria  downsi,  both  have  a dentary  with  a hor- 
izontal ramus  that  is  thick  in  cross  section  and  bears  an 
elongate  eminence  on  the  ventrolateral  side  extending  pos- 
teriorly from  the  genial  tuberosity,  a thick  and  robust  sym- 
physeal  region  with  a trapezium-shaped  sagittal  section 
through  the  symphysis,  bone  around  the  symphysis  that  is 
rugose  and  perforated  by  numerous  small  foramina,  a prom- 
inent genial  tuberosity,  a few  mental  foramina  of  large  di- 
ameter on  the  labial  side  of  the  dentary  rather  than  several 
small  ones,  and  a lower  canine  root  that  is  bilobed  in  cross 
section,  cheek  tooth  crowns  with  similar  height  to  length 
proportions,  a large  central  cusp  and  cuspules  on  an  undu- 
lating lingual  cingulum,  and  a tendency  toward  coalescence 
of  the  cheek  tooth  roots  (see  Mitchell,  1968;  Barnes,  1971; 
Repenning  and  Tedford,  1977)* These  similarities  indicate  a 
likelihood  that  P.  thomasi  belongs  in  the  subfamily  Imago- 
tariinae,  but  this  affinity  cannot  now  be  proven  for  certain 
in  the  absence  of  cranial  material.  In  contrast  with  those  of 
Imagotaria  downsi,  the  cheek  tooth  crowns  of  Pelagiarctos 
thomasi  have  larger  and  more  variably  sized  cuspules  on  the 
lingual  cingulae,  a smaller  (or  absent)  anterior  cingular  cusp 
(both  derived  characters),  a more  prominent  labial  cingulum, 
one  or  more  small  cusps  posterior  to  the  largest  central  cusp, 
and  more  widely  divergent  mandibular  roots  (all  three  prim- 
itive characters). 

In  most  characters,  therefore,  the  tooth  morphology  of  P. 
thomasi  is  more  primitive  than  that  of  Imagotaria  downsi, 
but  its  mandibular  morphology,  especially  the  ankylosed 
symphysis,  is  more  derived  and  this  would  exclude  it  from 
consideration  as  an  ancestor  of  any  of  the  known  imagotari- 
ines.  The  subfamily  Imagotariinae  became  relatively  diverse 
and  abundant  in  the  Late  Miocene  (see  Repenning  and  Ted- 
ford, 1977).  Unfortunately,  among  the  known  species  of  Ima- 
gotariinae, P.  thomasi  cannot  be  directly  compared  with  pub- 
lished materials  of  Pontolis  magnus  (True,  1905),  a species 
that  was  described  on  the  basis  of  the  posterior  part  of  a 
cranium.  However,  newly  acquired  (LACM)  specimens  re- 
ferable to  Pontolis  magnus  include  mandibles,  and  these  are 
distinctly  different  from  that  of  P.  thomasi.  Furthermore, 
Pontolis  magnus  is  considerably  younger,  geochronological- 
ly,  than  Pelagiarctos  thomasi,  being  of  latest  Miocene  age, 
ca.  5 to  6 million  years  old  (Repenning  and  Tedford,  1977), 
and  the  two  species  are  therefore  separated  in  time  by  ap- 
proximately 8 to  10  million  years. 

Ankylosis  of  the  mandibular  symphysis  is  an  unusual  and 


Figure  3.  Pelagiarctos  thomasi,  new  genus  and  species,  reconstruc- 
tion of  the  anterior  end  of  the  mandible  based  on  holotype  and 
referred  specimens.  The  cheek  teeth  are  shown  in  the  right  dentary 
only  so  that  the  shapes  of  the  alveoli  on  the  left  side  may  be  seen, 
a,  left  lateral  view;  b,  dorsal  or  occlusal  view;  c,  cross  section  of  right 
canine  below  alveolar  rim. 


derived  character  that  is  present  also  in  Recent  walruses, 
Odobenus  rosmarus  (Linnaeus,  1758).  Fossil  walruses,  such 
as  Prorosmarus  alleni  Berry  and  Gregory,  1 906,  and  Aivukus 
cedrosensis  Repenning  and  Tedford,  1977,  do  not  have  an- 
kylosed symphyses.  Because  Pelagiarctos  thomasi  is  other- 
wise relatively  primitive  and  not  walrus-like  in  its  anatomy. 
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Figure  4.  Neotherium  mirum  Kellogg,  1931,  referred  partial  left 
dentary  with  P2_„  LACM  1 23000,  LACM  locality  3808,  Sharktooth 
Hill  Bonebed:  a,  labial  view;  b,  occlusal  view;  c,  lingual  view;  natural 
size. 

its  ankylosed  symphysis  is  certainly  an  independently  ac- 
quired, derived  character  (autapomorphy),  and  indicates  only 
convergence  with  the  Recent  walrus,  not  phylogenetic  rela- 
tionship. The  mandibles  and  teeth  of  these  two  species  are 
in  other  respects  very  different. 

Although  Pelagiarctos  thomasi  has  a mandible  approxi- 
mately the  size  of  that  of  the  contemporaneous  (and  possibly 
sympatric)  Allodesmus  kernensis,  it  differs  by  having  a wider 
and  ankylosed  symphysis,  mandibular  cheek  teeth  that  are 
two-rooted  instead  of  single  or  bilobed,  much  more  complex 


cheek  tooth  crowns  with  multiple  cusps  and  cuspules  instead 
of  being  smooth  and  bulbous,  a canine  root  that  is  bilobed 
rather  than  nearly  round  in  cross  section,  a much  thicker 
dentary,  and  it  differs  from  most  individuals  of  Allodesmus 
kernensis  by  having  a symphysis  that  is  larger  and  more 
procumbent.  In  those  comparisons  that  are  possible  with  the 
available  specimens,  many  of  these  same  differences  serve 
also  to  separate  P.  thomasi  from  approximately  contempo- 
raneous Allodesmus  courseni  (Downs,  1956),  and  the  teeth 
of  P.  thomasi  are  different  from  those  of  A.  packardt  Barnes, 
1972. 

Pelagiarctos  thomasi  is  also  distinguishable  from  Neotheri- 
um mirum,  the  other  named  species  of  otariid  in  the  Shark- 
tooth  Hill  Bonebed.  Several  mandibles  referable  to  N.  mirum 
have  now  been  collected,  and  one  of  these,  LACM  123000, 
is  illustrated  here  (Fig.  4)  to  demonstrate  the  differences  be- 
tween that  species  and  P.  thomasi.  My  referral  of  this  man- 
dible to  N.  mirum  is  based  on  the  relative  and  numerical 
abundances  of  isolated  elements  in  the  available  sample  of 
specimens  from  the  Sharktooth  Hill  Bonebed,  on  persistent 
similarities  among  homologous  bones  of  N.  mirum  and  Ima- 
gotaria  downsi  (a  relationship  noted  by  Repenning  and  Ted- 
ford,  1977),  and  on  consistencies  in  stage  of  evolution  and 
of  size  (=  sex)  bimodality  in  the  sample. 

Both  Neotherium  mirum  and  Pelagiarctos  thomasi  have 
two  roots  on  each  of  the  lower  cheek  teeth  following  the  first 
premolar,  and  transversely  compressed  cheek  tooth  crowns 
on  which  the  major  cusps  are  aligned  anteroposteriorly.  The 
mandible  of  Neotherium  mirum  differs  from  that  of  Pela- 
giarctos thomasi  by  being  much  smaller  and  by  having  a 
smaller,  non-ankylosed  symphysis,  a less  prominently  bi- 
lobed canine  root,  shallower  cheek  tooth  alveoli,  and  less 
vascularization  of  the  bone  surface.  All  of  these  characters 
are  exhibited  by  the  specimen  shown  in  Figure  4,  and  they 
are  consistent  in  the  relatively  large,  unpublished  sample  of 
TV.  minim  now  available  (Barnes,  manuscript  in  preparation). 
Mandibles  representing  both  sexual  morphs  of  TV.  mirum  are 
represented,  and  this  demonstrates  that  P.  thomasi  was  not 
the  male  of  TV.  mirum. 

The  mandibles  of  “Desmatophocine  B”  and  “Desmato- 
phocine  C”  (see  Barnes,  1972)  differ  from  that  of  P.  thomasi 
by  having,  among  other  features,  a narrow  and  non-anky- 
losed  mandibular  symphysis,  less  vascularization  of  the  bone 
surface,  a horizontal  ramus  that  is  thinner  transversely,  and 
by  having  single-rooted  rather  than  double-rooted  lower  pre- 
molars. 

Thus,  Pelagiarctos  thomasi  is  demonstrably  distinct  from 
all  known  contemporaneous  otariids,  including  those  found 
with  it  in  the  same  deposit  as  well  as  those  from  other  lo- 
calities. It  is  furthermore  separable  from  all  other  fossil  and 
Recent  otariids  based  on  morphological,  size,  or  chronolog- 
ical differences.  It  is  clearly  a rare  animal  in  the  Sharktooth 
Hill  Bonebed,  and  is  demonstrably  a previously  unrecog- 
nized taxon.  It  is  directly  comparable  with  the  majority  of 
other  described  fossil  otariid  genera,  because  most  of  them 
were  either  originally  based  upon  mandibles,  or  have  had 
mandibles  subsequently  referred  to  them.  Only  Pinnarctid- 
ion,  Pliopedia,  and  Valenictus  are  not  known  by  mandibles, 
but  they  are  separable  from  Pelagiarctos  on  the  basis  of  their 
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different  sizes  and  geologic  ages,  and/or  have  been  assigned 
to  different  subfamilies.  It  is  useful  to  name  Pe/agiarctos 
thomasi  at  this  point  in  time  so  that  it  may  be  discussed  in 
the  context  of  the  composition  of  the  Sharktooth  Hill  Local 
Fauna  and  of  the  evolution  and  systematics  of  otariid  pin- 
nipeds. 

Pelagiarctos  thomasi  is  an  extremely  rare  species  in  the 
Sharktooth  Hill  Local  Fauna.  It  is  represented  by  only  six 
specimens,  compared  with  the  literally  hundreds  that  are  now 
known  of  Allodesmus  kernensis  and  the  dozens  that  are  re- 
ferable to  Neotherium  mirum.  By  the  standard  method  of 
minimum  number  analysis  (see  Shot  well,  1955),  these  six 
specimens  would  represent  only  one  individual,  because  there 
are  no  duplicated  elements  in  the  sample.  Because  of  their 
differing  stages  of  tooth  wear  and  because  the  specimens  were 
obtained  over  tens  of  square  miles  of  bonebed  outcrop,  they 
probably  represent  six  different  individuals. 

All  of  the  specimens  apparently  represent  the  same  size, 
sex,  and  age  group:  adult  male.  All  of  the  teeth  have  roots 
of  the  appropriate  size  to  occupy  the  alveoli  of  the  holotype 
mandible,  and  all  have  closed,  or  nearly  closed,  pulp  cavities 
indicating  maturity  (see  Scheffer  and  Kraus,  1964:307).  At 
least  three  lines  of  evidence  suggest  that  the  holotype  man- 
dible is  from  a male  individual.  (1)  The  bone  surface  is  ex- 
tremely rugose  and  pitted.  This  is  a common  osteological 
secondary  sex  character  of  adult  male  otariids  (and  other 
Carnivora).  (2)  The  canine  is  relatively  large  in  size  compared 
with  the  cheek  teeth.  Canine  proportional  disparity  among 
the  two  sexes  is  one  of  many  dimorphic  characteristics  of  all 
modern  and  of  all  adequately  represented  fossil  otariids,  and 
it  is  the  males  that  have  the  largest  canines.  (3)  The  right 
canine  of  the  holotype  mandible  was  broken  during  life.  Such 
breakage  is  known  to  result  from  fights  between  extant  male 
pinnipeds.  Therefore,  all  the  specimens  are  judged  to  be  from 
adult  male  individuals. 

If  the  evidence  cited  above  is  accurate,  it  indicates  an 
absence  of  female  specimens  and  the  area  in  which  the  Shark- 
tooth Hill  Bonebed  was  deposited  might  not  have  been  with- 
in the  geographic  range  of  the  females  of  the  species.  The 
phenomenon  of  partial  allopatry  among  the  sexes  of  Recent 
otariids  is  well  known.  For  example,  along  the  Pacific  Coast 
of  North  America  the  males  of  the  California  sea  lion,  Zal- 
ophus  californianus  (Lesson,  1828),  range  much  farther 
northward  than  do  the  females  during  the  non-breeding  sea- 
son. During  the  breeding  season  both  sexes  are  together  in 
the  southern  part  of  the  range  of  the  species. 

The  extreme  development  of  foramina  and  sulci  on  the 
surface  of  the  bone  of  the  holotype  mandible  of  P.  thomasi 
suggests  that  the  lip  and  gum  regions  of  the  animal  were  very 
vascular.  This  evidence  of  vascularization  is  especially  pro- 
nounced in  the  areas  between  the  canines  and  on  the  lingual 
sides  of  the  premolar  alveoli  (Fig.  3b).  The  mental  foramina 
on  the  lateral  and  anterior  surfaces  of  the  dentary  are  also 
unusually  large  in  diameter,  further  indication  of  enhanced 
blood  circulation  in  this  area.  The  lips  of  P.  thomasi  may, 
therefore,  have  been  very  fleshy,  as  are  those  of  some  living 
phocid  seals.  The  absence  of  cranial  material,  however,  pre- 
cludes speculation  at  this  time  as  to  whether  or  not  P.  thomasi 
also  had  a proboscis  as  do  elephant  seals  ( Mirounga  spp.). 


The  cheek  teeth  (Fig.  3)  of  Pelagiarctos  thomasi  are  some- 
what similar  in  their  shape,  mass,  and  position  to  those  of 
large  predatory  and  scavenging  terrestrial  carnivorous  mam- 
mals, especially  hyaenids  and  fossil  borophagine  dogs.  This, 
coupled  with  the  cuspidate  crowns  and  large  roots  of  the 
cheek  teeth  and  the  ankylosed  mandibular  symphysis,  sug- 
gests that  Pelagiarctos  thomasi  was  possibly  an  active  marine 
predator  with  strong  crushing  and  biting  abilities.  It  might 
have  fed  on  small-  to  medium-sized  warm-blooded  marine 
vertebrates  (birds  and  mammals),  in  addition  to  (or  instead 
of)  the  expected  diet  of  fishes.  Such  an  idea  is  given  credibility 
by  the  fact  that  some  species  of  living  pinnipeds,  even  those 
with  dentitions  that  are  modified  for  specialized  feeding 
modes,  are  known  to  kill  and  eat  other  large  marine  verte- 
brates. For  example,  the  South  American  sea  lion,  Otaria 
flavescens  (Shaw,  1 800),  and  the  leopard  seal  of  the  Antarctic, 
Hydrurga  leptonyx  (Blainville,  1820),  prey  upon  penguins 
(Boswall,  1 972;  Penny  and  Lowry,  1967);  and  the  Steller  sea 
lion,  Eumetopias  jubata  (Schreber,  1776),  has  been  known 
to  kill  and  eat  other  pinnipeds  (Tikhomirov,  1959;  Gentry 
and  Johnson,  1 980;  Pitcher  and  Fay,  1 982),  as  does  even  the 
walrus  (Lowry  and  Fay,  1984).  A postulated  trophic  position 
of  Pelagiarctos  thomasi,  as  a predator  relatively  high  in  the 
food  chain,  is  therefore  plausible  in  the  context  both  of  its 
known  anatomy  and  of  information  about  the  feeding  be- 
havior of  living  pinnipeds.  Being  a predaceous  carnivore  may 
also  help  explain  its  relative  rarity  within  the  Sharktooth  Hill 
Local  Fauna. 

At  least  five  species  of  otariid  pinnipeds  have  now  been 
recognized  in  the  Sharktooth  Hill  Bonebed  on  the  basis  of 
different  types  of  mandibles.  These  five  otariids  might  have 
fed  on  different  food  items,  or  they  might  have  occupied  the 
central  California  coastal  region  at  different  times  of  the  year 
due  to  different  migration  and/or  reproductive  cycles.  Either 
situation  could  have  served  to  reduce  competition  among 
them  for  food  or  space  through  resultant  niche  partitioning 
and/or  seasonal  allopatry  of  the  species  or  the  sexes.  Several 
other  fossil  marine  vertebrate  assemblages  from  the  west 
coast  of  North  America  are  also  known  to  include  two  or 
more  species  of  pinnipeds  (see  Repenning  and  Tedford,  1977: 
77-82).  Such  diversity  is  not  unexpected,  considering  that 
up  to  six  extant  pinniped  species,  otariids  as  well  as  phocids, 
are  regularly  present  at  one  time  or  another  of  the  year  along 
the  California  coast.  At  times  as  many  as  three  pinniped 
species  may  even  simultaneously  occupy  the  same  beach 
(Orr,  1965;  Bartholomew,  1 967;  Odell,  1971).  Furthermore, 
up  to  five  species  of  pinnipeds  occupy  similar  ice  habitats  in 
the  Bering  Sea  (Burns,  Shapiro,  and  Fay,  1981). 

CONCLUSIONS 

Four  contemporaneous  species  of  fossil  otariid  pinnipeds 
have  been  previously  reported  from  the  Middle  Miocene 
Sharktooth  Hill  Local  Fauna  in  California,  and  are  now  known 
by  directly  comparable  mandibles.  These  include  the  large, 
derived  allodesmine,  Allodesmus  kernensis  Kellogg,  1922, 
the  small,  primitive  imagctariine,  Neotherium  mirum  Kel- 
logg, 1931,  and  the  possible  allodesmines  that  were  called 
“Desmatophocine  B"  and  “Desmatophocine  C”  by  Barnes 
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( 1 972).  Of  these,  Allodesmus  kernensis  is  the  most  abundant, 
Neotherium  minim  is  the  next  most  abundant,  and  the  other 
two  species  are  extremely  rare.  A fifth  species,  even  rarer 
than  any  of  these,  is  Pelagiarctos  thomasi,  new  genus  and 
species.  It  is  now  known  by  material  sufficient  to  name,  di- 
agnose, and  differentiate  it  from  other  otariid  pinnipeds. 

Pelagiarctos  thomasi  has  a mixture  of  derived  and  prim- 
itive characters.  It  has  large,  cuspidate  premolars  and  those 
in  the  mandible  following  the  first  premolar  each  have  two 
roots.  The  known  cheek  teeth  are  of  a tritubercular  form, 
and  have  a relict,  enaliarctine-like  cusp  pattern,  but  the  cusps 
are  more  conical  in  their  shapes  in  contrast  to  the  relatively 
more  blade-like,  transversely  compressed  cusps  of  Enaliarc- 
tos  mealsi.  This  basic  similarity  in  cheek  tooth  cusp  patterns 
suggests  that  Pelagiarctos  thomasi  might  have  evolved  from 
some  species  related  to  or  within  the  subfamily  Enaliarctinae. 

Pelagiarctos  thomasi  possesses  a very  specialized  and  in- 
teresting combination  of  otariid  mandibular  and  dental  char- 
acters. The  cheek  teeth  have  labial  and  lingual  cingulae,  the 
latter  being  particularly  enhanced  by  multiple,  conical  cus- 
pules  (derived  characters).  Pelagiarctos  thomasi  has  an  an- 
kylosed  mandibular  symphysis  such  as  is  also  present  in 
Recent  walruses  (Odobenus  rosmarus).  This  character  does 
not  indicate  relationship  between  P.  thomasi  and  walruses, 
however,  because  of  the  many  other  dental  and  mandibular 
differences  between  them,  and  because  extinct  true  walruses 
of  the  subfamily  Odobeninae  (e.g.,  Aivukus  cedrosensis  Re- 
penmng  and  Tedford,  1977;  Prorosmarus  alleni  Berry  and 
Gregory,  1906)  that  lived  between  about  9 and  5 million 
years  ago  have  non-ankylosed  mandibular  symphyses.  Pe- 
lagiarctos thomasi  is  a highly  derived,  large,  early  type  of 
otariid,  perhaps  an  imagotariine,  perhaps  predaceous  on  large, 
warm-blooded,  marine  vertebrates,  and  probably  belongs  to 
no  living  lineage. 
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MIOCENE  MOLLUSKS  FROM  THE  LOWER  PART  OF  THE 
BEAR  LAKE  FORMATION  ON  UKOLNOI  ISLAND, 
ALASKA  PENINSULA,  ALASKA 

Louie  Marincovich,  Jr.1 


ABSTRACT.  Fossiliferous  strata  of  the  Bear  Lake  Formation  crop 
out  on  Ukolnoi  Island,  Alaska  Peninsula,  southwestern  Alaska.  The 
molluscan  fauna  has  an  age  of  1 5-1 6 Ma,  or  earliest  middle  Miocene, 
which  is  the  greatest  known  age  for  any  Bear  Lake  outcrop.  A similar 
age  is  suggested  by  mollusks  for  an  additional  outcrop  on  an  un- 
named peninsula  to  the  northeast  of  Cape  Aliaksin  on  the  adjacent 
Alaska  Peninsula  mainland.  The  latter  outcrop  is  the  only  one  known 
where  mollusk-bearing  Bear  Lake  strata  are  inferred  to  be  in  contact 
with  mollusk-bearing  strata  of  the  Paleogene  Stepovak  Formation. 
The  co-occurrence  of  some  molluscan  species  on  Ukolnoi  Island  and 
at  Cape  Aliaksin,  plus  a radiometric  age  of  10.4  ± 0.49  Ma  for  an 
andesite  flow  overlying  marine  strata  at  the  latter  site,  indicate  a 
middle  Miocene  age  for  the  Unga  Conglomerate  Member  of  the  Bear 
Lake  Formation  at  Cape  Aliaksin.  The  age  inferred  from  the  mol- 
lusks at  these  three  localities  suggests  assignment  of  these  strata  to 
the  lower  part  of  the  Bear  Lake  Formation. 

The  Ukolnoi  Island  molluscan  faunule  of  1 8 species  lived  at  depths 
of  about  25  to  35  m in  a cool-temperate  habitat.  The  presence  of 
some  warm-temperate  to  subtropical  Asian  taxa  suggests  that  this 
faunule  lived  during  the  peak  of  the  middle  Miocene  warm  interval 
known  throughout  the  North  Pacific  region. 

INTRODUCTION 

The  Bear  Lake  Formation  is  the  thickest  and  most  exten- 
sively distributed  Miocene  marine  unit  on  the  Alaska  Pen- 
insula of  southwestern  Alaska  (Figs.  1 , 2),  where  it  crops  out 
discontinuously  in  a structurally  complex  area  adjacent  to 
potentially  oil-producing  offshore  basins  in  Bristol  Bay.  The 
age  range  of  this  unit  has  not  been  well  documented,  owing 
to  the  scarcity  of  well-preserved  megafossils  at  many  out- 
crops and  the  virtual  absence  of  age-diagnostic  microfossils 
in  the  generally  coarse,  near-shore  Bear  Lake  sediments.  The 
most  abundant  megafossils  in  the  Bear  Lake  Formation,  and 
the  principal  means  of  dating  the  formation,  are  bivalve  and 
gastropod  mollusks  that  commonly  have  uncertain  age  lim- 
its. Many  Bear  Lake  outcrops  have  been  well  dated  with 
mollusks,  although  these  data  are  largely  unpublished,  but 
ages  of  the  top  and  base  of  the  formation  have  been  difficult 
to  ascertain.  The  presumed  uppermost  beds  of  the  formation 
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contain  poorly  preserved  mollusks,  and  the  stratigraphically 
lowest  beds,  on  Ukolnoi  Island,  were  recognized  only  very 
recently  (Marincovich  and  Kase,  1986).  The  Ukolnoi  Island 
strata  were  questionably  assigned  to  the  Unga  Conglomerate 
Member  of  the  Bear  Lake  Formation  by  Burk  (1965)  and  to 
the  unrestricted  Bear  Lake  Formation  by  Marincovich  and 
Kase  (1986).  The  base  of  the  Bear  Lake  section  on  Ukolnoi 
Island  is  not  exposed,  but  presumably  lies  upon  Paleogene 
rocks  of  the  Stepovak  Formation  (Burk,  1965).  As  noted 
below,  a fossiliferous  Bear  Lake  outcrop  containing  reworked 
Stepovak  mollusks  recently  has  been  found  on  the  Alaska 
Peninsula  mainland. 

The  present  report  is  the  first  comprehensive  description 
and  illustration  of  a fossil  faunule  from  the  Bear  Lake  For- 
mation. As  such,  it  is  a beginning  effort  in  the  task  of  de- 
scribing and  understanding  the  entire  sequence  of  Bear  Lake 
molluscan  faunas  and  placing  them  in  the  broader  context 
of  worldwide  geologic  and  paleontologic  events  of  the  Ce- 
nozoic. 

Grewingk  (1850)  probably  was  the  first  to  examine  Bear 
Lake  mollusks,  because  he  reported  two  species  from  Tertiary 
rocks  at  “Bai  Moller”  (Port  Moller;  Fig.  2),  where  the  only 
Tertiary  marine  rocks  that  crop  out  are  now  assigned  to  the 
Bear  Lake  Formation  (Burk,  1965).  The  first  scientist  to  per- 
sonally collect  Bear  Lake  mollusks  was  W.H.  Dali,  who  dis- 
covered many  outcrops  bearing  Tertiary  megafossils  during 
expeditions  from  1865  to  1899.  Strata  with  Miocene  mol- 
lusks and  plants  collected  on  the  Alaska  Peninsula  mainland 
or  in  the  adjacent  Shumagin  Islands  (Fig.  2),  and  much  later 
assigned  to  the  Bear  Lake  Formation  (Burk,  1965),  were 
referred  to  by  Dali  ( 1 892,  1 896,  1 904)  as  the  “Kenai  Group” 
or  the  “Astoria  Group,”  based  upon  inferred  similarities  with 
floras  of  Cook  Inlet,  Alaska,  or  with  faunas  of  Oregon  and 


1.  U.S.  Geological  Survey,  345  Middlefield  Road,  Menlo  Park, 
California  94025,  and  Research  Associate,  Invertebrate  Paleontol- 
ogy Section,  Natural  History  Museum  of  Los  Angeles  County. 


ISSN  0459-8113 


Figure  1.  Index  map  of  the  North  Pacific  region,  showing  localities  mentioned  in  text. 


Washington,  respectively.  Some  molluscan  faunas  thought 
to  be  of  Miocene  age  by  Dali,  particularly  those  on  Unga  and 
Popof  islands,  in  the  Shumagin  Islands  (Fig.  2),  were  later 
assigned  to  the  Stepovak  Formation  of  Eocene  and  Oligocene 
age  (Atwood,  1911;  Burk,  1965).  Bear  Lake  mollusks  were 
examined  next  by  MacNeil  (in  Burk,  1965),  who  referred 
specimens  from  around  the  margins  of  Port  Moller  and  from 
the  nearby  formational  type  section  at  Bear  Lake  (Lig.  2)  to 
the  late  Miocene.  A small  collection  of  mollusks  from  strata 
assigned  to  the  Unga  Conglomerate  Member  of  the  Bear  Lake 
Lormation  at  Cape  Ahaksin  (Lig.  2)  was  thought  to  be  of 
early  middle  Miocene  age  by  MacNeil  (1973).  This  age  was 
inferred  by  MacNeil  (1973)  from  the  presence  at  Cape  Al- 
iaksin  of  mollusks  supposedly  similar  to  early  Miocene  Cal- 
ifornia species  and  late  Oligocene  or  early  Miocene  Japanese 
species,  as  well  as  from  the  presence  at  one  of  several  un- 
specified “nearby  sites”  of  the  presumed  middle  Miocene 
bivalve  Mytilus  middendorffi  Grewingk,  1850.  No  mollusk 
with  a well-documented  time-stratigraphic  range  was  re- 
ported from  Cape  Aliaksin  itself  by  MacNeil  (1973).  The 
Unga  Conglomerate  Member,  thought  to  be  the  basal  mem- 
ber of  the  Bear  Lake  Formation  (Burk,  1965),  later  was  ten- 
tatively assigned  to  the  upper  Newportian  or  lower  Wish- 
kahan  molluscan  Stage  by  Allison  (1978),  based  on  tenuous 
species-level  ties  to  other  North  Pacific  faunas,  whereas  beds 
he  referred  to  as  the  “unnamed  upper  member”  of  the  Bear 
Lake  Formation  were  assigned  to  the  Wishkahan  Stage.  Al- 
lison’s (1978)  age  estimates  were  based  on  the  presence  of 
species  known  in  molluscan  faunas  assigned  to  stages  in  Or- 
egon and  Washington  (Addicott,  1 976),  and  his  inferred  Bear 
Lake  faunal  age  range  corresponded  to  the  ages  of  the  stage 


boundaries  in  the  Pacific  Northwest.  At  the  time  he  wrote, 
Allison’s  (1978)  inferences  indicated  an  age  range  of  latest 
early  Miocene  to  middle  Miocene  for  the  Unga  Conglomerate 
Member  and  late  middle  Miocene  to  late  Miocene  for  his 
“unnamed  upper  member.”  Subsequently  refined  age  infer- 
ences for  these  Pacific  Northwest  molluscan  stages  (Addicott, 
1981)  suggested  an  age  range  of  late  middle  Miocene  to  early 
late  Miocene  for  the  Bear  Lake  faunas  considered  by  Allison 
( 1 978).  Mollusks  from  several  outcrops  between  Port  Heiden 
and  Bear  Lake  (Fig.  2),  including  the  more  northerly  and 
possibly  the  younger  Bear  Lake  exposures,  were  considered 
to  be  of  middle!?)  and  late  Miocene  age  by  Marincovich  (in 
Detterman  and  others,  1981).  The  oldest  confidently  dated 
Bear  Lake  outcrop  is  the  present  one  on  Ukolnoi  Island, 
which  is  among  the  most  southerly  Bear  Lake  exposures. 
This  Ukolnoi  Island  faunule  was  assigned  an  earliest  middle 
Miocene  age  by  Marincovich  and  Kase  (1986),  based  on  the 
presence  of  Turritella  (Hataiella)  sagai  Kotaka,  1951.  This 
gastropod  was  previously  known  only  in  Japanese  strata, 
some  of  which  have  been  dated  using  planktonic  microfossils 
and  radiometric  techniques  and  assigned  an  age  range  of 
about  15-16  Ma  (Marincovich  and  Kase,  1986). 

The  present  study  relates  the  importance  of  two  Bear  Lake 
molluscan  faunules,  a relatively  large  one  on  Ukolnoi  Island 
and  a smaller  and  approximately  coeval  one  on  the  Alaska 
Peninsula  mainland  (Table  1).  The  most  confidently  iden- 
tified species  are  useful  for  supporting  the  earliest  middle 
Miocene  age  inferred  for  the  Ukolnoi  Island  faunule  by  Ma- 
rincovich and  Kase  ( 1 986).  These  two  faunules  allow,  for  the 
first  time,  insights  into  the  nature  of  the  marine  environment 
during  deposition  of  the  earliest  known  Bear  Lake  sediments. 
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Figure  2.  Index  map  of  the  Alaska  Peninsula,  showing  localities  mentioned  in  text  and  the  outcrop  extent  of  the  Tertiary  Bear  Lake  and 
Tachilni  formations.  Numbers  preceded  by  M are  USGS  fossil  localities. 


as  well  as  inferences  about  the  ages  of  adjacent  Bear  Lake 
outcrops. 

Most  of  the  mollusk  specimens  used  in  this  study  were 
collected  on  July  4,  1977,  when  the  helicopter  in  which  I was 
a passenger  made  an  unplanned  landing  on  the  southern  coast 
ofUkolnoi  Island  due  to  the  abrupt  onset  of  high  winds,  rain, 
and  fog.  Marine  sediments  were  not  then  thought  to  be  pres- 
ent on  the  island.  Discovery  of  the  Ukolnoi  Island  marine 
faunule  in  coastal  bluffs  was  made  while  escaping  the  confines 
of  the  helicopter  and  waiting  for  the  weather  to  clear.  Because 
of  the  need  to  fly  elsewhere  as  soon  as  the  weather  abated,  I 
was  able  to  spend  only  about  one  hour  collecting  mollusks. 
There  was  insufficient  time  to  make  detailed  observations 
on,  for  example,  taphonomy,  community  structure,  or  pre- 
cise stratigraphic  occurrences  of  fossils.  No  attempt  was  made 
to  measure  the  stratigraphic  section.  Planned  visits  to  this 
stratigraphic  section  in  1982,  1983,  and  1985  by  other  U.S. 
Geological  Survey  personnel,  who  were  not  primarily  inter- 


ested in  paleontologic  studies,  resulted  in  some  additional 
fossil  specimens,  but  no  stratigraphic  or  sedimentologic  data. 

THE  AGE  OF  THE  BASE  OF  THE 
BEAR  LAKE  FORMATION 

Since  the  report  of  Turritella  (Hataiella)  sagai  on  Ukolnoi 
Island  by  Marmcovich  and  Kase  ( 1 986),  this  species  has  been 
recognized  in  one  of  two  faunules  of  the  Bear  Lake  Formation 
(USGS  localities  M8329  and  M8391)  on  the  Alaska  Penin- 
sula mainland  that  also  contain  reworked  Paleogene  mollusks 
of  the  Stepovak  Formation.  The  presence  of  this  turritellid 
at  M8329  provides  a correlation  with  Ukolnoi  Island  strata 
and  indicates  that  this  mainland  outcrop  (Fig.  2)  is  also  of 
earliest  middle  Miocene  age.  The  fact  that  these  two  faunules 
contain  mixed  Bear  Lake  and  Stepovak  mollusks  (as  detailed 
below),  and  are  inferred  herein  to  immediately  overlie  an 
erosional  unconformity,  reinforces  the  interpretation  that  T. 
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Table  1.  Mollusks  from  the  Bear  Lake  Formation  on  Ukolnoi  Island  (M7152-M7154)  and  at  one  Alaska  Peninsula  mainland  site  (M8329). 
Numbers  indicate  specimens  found  at  each  locality. 


M7152 

M7153 

M7154 

M8329 

BIVALVES 

Acila  sp.  indet. 

Yoldia  sp.  indet. 

Mytilus  (Plicatomytilus)  gratacapi  Allison  and  Addicott,  1976 
Lucinoma  acutiiineata  (Conrad,  1 849) 

1 

1 

9 

1 

10 

1 1 

1 

Macoma  sp.  indet. 

8 

9 

6 

Clinocardium  sp. 

2 

Pitarl  sp. 

2 

1 

Mya  (Mya)  truncata  Linnaeus,  1758 

4 

2 

Mya  sp.  indet. 
Penitella  sp.  indet. 

2 

3 

Thracia  sp.  indet. 

3 

2 

GASTROPODS 

Turritella  ( Hataiella ) sagai  Kotaka,  1951 

12 

9 

1 1 

1 

Natica  ( Cryptonatica ) clausa  Broderip  and  Sowerby,  1829 
Fusitriton  oregonensis  (Red field,  1846) 

Coins ? sp. 

Neptunea  ( Neptunea ) aff.  N.  (N.)  lyrata  altispira  Gabb,  1869 
Beringius  crebricostatus  (Dali,  1902) 

Tyrannoberingius  rex  Marincovich,  1 98 1 

1 

1 

2 

1 

1 

3 

1 

SCAPHOPOD 

Dentalium  ( Rhabdus ) cf.  D.  ( R .)  schencki  Moore,  1964 

14 

10 

(//.)  sagai  is  a marker  for  the  stratigraphically  lowest  Bear 
Lake  beds.  This  interpretation  implies  that  the  Ukolnoi  Is- 
land faunule  also  lies  close  to  the  base  of  the  Bear  Lake 
Formation.  Although  the  base  of  the  Bear  Lake  Formation 
on  Ukolnoi  Island  is  not  exposed  (R.  Detterman,  oral  com- 
munication, 1 986),  the  molluscan  faunule  there  is  considered 
herein  to  be  stratigraphically  near  to  the  presumably  under- 
lying Stepovak  Formation. 

One  specimen  of  T.  (H.)  sagai  was  found  at  M8329,  along 
the  eastern  coast  of  an  unnamed  peninsula  to  the  northeast 
of  Cape  Aliaksin  and  about  80  km  to  the  northeast  of  Ukolnoi 
Island  (Fig.  2).  A contact  between  the  Bear  Lake  Formation 
and  underlying  Paleogene  Stepovak  Formation  was  mapped 
there  by  Burk  ( 1 965),  and  is  herein  inferred  to  be  an  erosional 
unconformity,  based  on  interpretation  of  the  mollusks  there. 
The  faunule  at  M8329  contains  intermixed  Bear  Lake  and 
Stepovak  mollusks,  and  it  is  considered  herein  to  be  strati- 
graphically low  within  the  Bear  Lake  Formation.  Along  with 
T.  (H.)  sagai,  the  Bear  Lake  faunule  at  locality  M8329  con- 
tains Mya  (Mya)  truncata  Linnaeus,  1758,  a well-known  bi- 
valve of  middle  Miocene  to  Holocene  age.  Also  present  at 
M8329  is  an  Acila  that  occurs  in  other  Bear  Lake  Formation 
faunules  but  is  as  yet  unidentified  (Marincovich,  unpublished 
data,  1987).  Overlying  and  stratigraphically  close  to  M8329 
is  another  Bear  Lake  faunule  (locality  M8391;  Fig.  2)  that 
contains  Stepovak  mollusks  such  as  Mya  ( Arenomya ) kusi- 


roensis  Nagao  and  Inoue,  1941,  which  is  reported  in  late 
Eocene  or  early  Oligocene  faunas  of  Hokkaido  and  Alaska. 
The  Japanese  record  of M.  (A.)  kusiroensis  from  the  Shitakara 
Formation  of  the  Urahoro  Group  was  thought  to  be  of  late 
middle  Oligocene  age  by  MacNeil  (1965),  but  is  now  con- 
sidered to  be  either  of  early  Oligocene  age,  based  on  mollusks 
(Honda.  1986),  or  of  late  Eocene  age  based  on  planktonic 
foraminifers  (Kaiho,  1983).  The  most  significant  Alaskan 
occurrence  of  this  species  is  in  the  Stepovak  Formation  on 
the  northwest  shore  of  Popof  Island  (Fig.  2),  about  20  km 
south  of  M8329,  where  MacNeil  (1965)  cited  M.  (A.)  kusi- 
roensis in  the  upper  part  of  the  Acila  shumardi  Zone.  This 
molluscan  zone  was  defined  in  the  Pittsburg  Bluff  Formation 
of  Oregon  that  is  thought  to  be  of  late  Eocene  and  early 
OUgocene(?)  age  by  Armentrout  and  others  (1983).  Other 
Alaska  occurrences  of  M.  (A.)  kusiroensis  are  in  middle(?) 
Oligocene  strata  of  the  Poul  Creek  Formation  and  possibly 
the  lower  Eocene  to  lower  Oligocene  Kulthieth  Formation 
near  Cape  Yakataga  (Fig.  1)  in  the  eastern  Gulf  of  Alaska 
(MacNeil,  1965;  Plafker,  1 987).  The  mixture  of  inferred  ear- 
liest middle  Miocene  plus  late  Eocene  and  early  01igocene(?) 
mollusks  on  the  Alaska  Peninsula  at  M8329  and  M8391 
suggests  a significant  hiatus  between  the  Bear  Lake  Forma- 
tion and  the  Stepovak  Formation,  namely  the  absence  of 
middle  and  upper  Oligocene  and  lower  Miocene  strata.  The 
probability  of  this  hiatus  was  inferred  by  Burk  (1965,  p.  91) 
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without  citing  evidence  from  a specific  locality.  The  mixed 
Bear  Lake  and  Stepovak  faunules  at  M8329  and  M8391  sub- 
stantiate Burk’s  (1965)  general  observation.  To  my  knowl- 
edge there  are  no  other  outcrops  where  mollusks  from  these 
two  formations  occur  together. 

One  of  the  Ukolnoi  Island  gastropods,  Tyrannoberingius 
rex  Marincovich,  1981,  has  been  reported  previously  only 
from  its  type  locality  at  Cape  Aliaksin  (Fig.  2)  (Marincovich, 
1981),  in  strata  assigned  to  the  Unga  Conglomerate  Member 
(Burk,  1965).  As  noted  below  in  the  discussion  of  T.  rex,  an 
andesite  flow  overlying  the  marine  Tertiary  strata  at  Cape 
Aliaksin  has  a potassium-argon  age  of  10.4  ± 0.49  Ma  (Fred- 
eric Wilson,  written  communication,  1986)  and  places  this 
minimum-age  constraint  on  the  underlying  molluscan  fauna. 
If  T.  rex  is  restricted  in  age  to  middle  Miocene  faunas,  which 
is  an  interpretation  allowed  by  its  Cape  Aliaksin  occurrence, 
then  its  presence  in  the  Ukolnoi  faunule  is  further  general 
confirmation  for  the  age  of  the  latter  fauna. 

PALEOECOLOGY  OF  THE  UKOLNOI 
ISLAND  FAUNULE 

The  paleobathymetry  inferred  for  the  Ukolnoi  Island  mol- 
luscan faunule  is  within  the  inner  part  of  the  inner  shelf  zone, 
at  approximately  25  to  35  m.  Living  equivalents  of  about 
half  of  these  genera  or  species  range  into  the  intertidal  zone, 
but  several  taxa  do  not.  Among  the  latter  (with  their  mini- 
mum depths  in  the  modern  northeastern  Pacific  noted  here 
and  in  the  taxonomic  section  that  follows)  are:  Acila  ( Trun - 
cacila)  (5  m),  Lucinoma  annulata  (Reeve,  1850)  [living  ho- 
mologue  of  the  extinct  L.  acutilineata  (Conrad,  1849)]  (20 
m),  Pitar  (25  m),  Beringius  (35  m),  Natica  ( Cryptonatica ) 
clausa  Broderip  and  Sowerby,  1829  (9  m),  Turritella  (20  m), 
and  Dentalium  (5  m).  The  relative  scarcity  and  abraded  and 
broken  condition  of  Ukolnoi  Island  Mytilus  (Plicatomytilus) 
gratacapi  Allison  and  Addicott,  1976,  which  is  well  preserved 
in  great  abundance  at  several  other  Bear  Lake  outcrops  and 
which  is  inferred  to  be  a shoreline  indicator,  also  supports 
an  inferred  habitat  somewhat  deeper  than  the  very  shallow 
subtidal  zone.  In  addition,  Mytilus  s.l.  is  reported  in  this 
region  in  depths  no  greater  than  40  m,  and  Mya  (Mya)  trun- 
cata  Linnaeus,  1758,  in  depths  not  over  50  m. 

The  habitats  of  living  individuals  or  homologues  of  several 
Ukolnoi  Island  mollusks  indicate  a cool-temperate  marine 
climate  for  this  faunule.  Mya  (Mya)  truncata  has  a modern 
circumboreal  range,  but  ranges  southward  in  the  eastern  Pa- 
cific to  at  least  Puget  Sound,  Washington  (the  southern  limit 
of  the  cool-temperate  realm),  and  possibly  to  northern  Cal- 
ifornia, and  its  range  extends  to  northeastern  Honshu  in  the 
western  Pacific  (Bernard,  1 979).  Natica  (Cryptonatica)  clausa 
is  another  species  that  has  a modern  circumboreal  distri- 
bution but  also  ranges  far  to  the  south:  to  San  Diego,  southern 
California,  in  the  eastern  Pacific  and  to  Japan  and  Korea  in 
the  western  Pacific.  It  lives  in  depths  from  9 to  970  m,  in 
progressively  deeper  water  from  north  to  south.  It  is  present 
in  numerous  North  Pacific  fossil  faunas  that  range  in  inferred 
paleotemperature  from  mild  temperate  to  cold  (Marincovich, 
1 977).  Fusitriton  oregonensis  (Redfield,  1 846)  does  not  occur 


in  the  modern  Arctic  Ocean,  but  still  has  a broad  latitudinal 
distribution,  from  the  Pribilof  Islands,  Bering  Sea  (south  of 
the  line  of  floating  winter  ice),  to  southern  California  in  the 
eastern  Pacific,  and  to  the  east  and  west  coasts  of  central 
Honshu  in  the  western  Pacific.  The  species  is  reported  in 
depths  from  the  intertidal  zone  to  2,370  m,  in  generally  great- 
er depths  from  north  to  south  (Smith,  1970).  It  occurs  in 
depths  of  10-420  m in  the  Gulf  of  Alaska  (Smith,  1970),  and 
in  depths  from  the  subtidal  zone  to  100  m in  British  Colum- 
bia (Bernard,  1970).  Similarly  to  N.  (C.)  clausa,  this  species 
occurs  in  a large  number  of  fossil  faunas  that  range  in  inferred 
paleotemperature  from  temperate  to  cold  (Smith,  1970).  Lu- 
cinoma annulata  ranges  from  southern  Alaska  to  Mexico  in 
depths  from  20  to  800  m,  and  occurs  abundantly  (as  in  the 
Ukolnoi  Island  faunule)  within  the  inner  shelf  zone  (0-100 
m)  (Burch,  1944). 

The  living  mollusks  noted  above  indicate  that  the  marine 
climate  when  the  Ukolnoi  faunule  lived  was  cool-temperate, 
in  the  sense  of  Hall  (1964),  who  stated  that  there  are  fewer 
than  four  months  per  year  when  shallow-water  temperatures 
are  warmer  than  10°C  (50°F)  at  the  northern  limit  of  this 
marine  climatic  zone.  The  modem  cool-temperate  zone  ranges 
from  48°N  to  56°N  (Puget  Sound  to  the  Gulf  of  Alaska)  in 
the  northeastern  Pacific,  and  from  41°N  to  43°N  (northern- 
most Honshu  to  eastern  Hokkaido)  in  the  northwestern  Pa- 
cific (Hall,  1964). 

The  abundance  of  the  warm-temperate  to  subtropical  tur- 
ritellid,  T.  (H.)  sagai,  in  the  cool-temperate  Bear  Lake  fauna 
is  anomalous.  The  limited  presence  of  this  turritellid  in  Alas- 
ka, on  Ukolnoi  Island  and  at  M8329  on  the  mainland,  sug- 
gests that  the  incursion  of  T.  (H.)  sagai  northeastward  from 
Honshu  to  Alaska  was  brief.  Based  upon  the  established 
chronostratigraphic  range  of  T.  (H.)  sagai  in  Japan,  such  an 
incursion  coincided  with  the  height  of  the  earliest  middle 
Miocene  warming  trend  recognized  in  the  North  Pacific  re- 
gion (Savin  and  others,  1981).  The  presence  of  the  warm- 
water  bivalve  Pitar,  questionably  identified  from  Ukolnoi 
Island  herein,  also  suggests  an  eastward  migration  from  the 
western  Pacific.  The  movement  of  molluscan  veligers  from 
Honshu  to  southwestern  Alaska  may  have  been  aided  by  a 
brief  northward  incursion  of  warm  water  into  the  North  Pa- 
cific that  is  associated  in  modem  times  with  El  Nino  con- 
ditions. Sporadic  ocurrences  of  warm-water  mollusks  in  oth- 
erwise cool-  or  cold-water  faunas,  due  to  periodic  northward 
incursions  of  warm  water,  have  been  well  documented  in 
modern  faunas  of  southern  California  and  inferred  for  Pleis- 
tocene faunas  there  (Zinsmeister,  1974),  and  may  also  ac- 
count for  the  similar  extralimital  occurrence  of  T.  (H.)  sagai 
in  Alaska.  However,  anomalous  warm-water  species  in 
southern  Californian  Pleistocene  faunas  usually  occur  as  sin- 
gle individuals  or  as  very  small  populations  (Zinsmeister, 
1974),  whereas  T.  (H.)  sagai  is  prolifically  abundant  on  Ukol- 
noi Island.  Based  on  the  well-documented  ecology  and  pa- 
leoecology  of  cool-water  taxa  such  as  Beringius,  Fusitriton, 
and  Neptunea,  these  taxa  would  certainly  have  been  excluded 
from  the  Ukolnoi  Island  faunule  had  the  water  temperature 
been  as  warm  as  it  was  for  Japanese  occurrences  of  T.  (H.) 
sagai.  It  is  possible  that  the  Ukolnoi  Island  population  of  T. 
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(//.)  sagai  was  able  to  exist  in  cool-temperate  conditions, 
even  though  the  previously  reported  occurrences  of  this  species 
are  in  Japanese  warm-temperate  to  subtropical  faunas  (Ko- 
taka.  1959).  One  probable  explanation  for  this  apparent  pa- 
leoecologic  anamaly  is  that  collections  from  Ukolnoi  Island 
do  not  have  extremely  precise  locality  data.  Based  on  my 
observations  on  Ukolnoi  Island,  T.  (//. ) sagai  and  Dentalium 
cf.  D.  schencki  Moore,  1 964,  occur  together,  each  prolifically, 
in  a single  stratigraphic  interval,  to  the  exclusion  of  most 
other  taxa.  However,  the  poor  weather  conditions  that  forced 
our  helicopter  to  land  on  Ukolnoi  Island  in  1 977,  and  which 
led  to  the  accidental  discovery  of  this  faunule,  also  precluded 
making  stratigraphically  well  controlled  collections.  As  noted 
above,  subsequent  collections  by  other  geologists  also  were 
not  precisely  located.  This  leaves  the  possibility,  noted  above, 
that  T.  (H.)  sagai  did  occur  in  southwestern  Alaska  only 
during  a brief  warm  climatic  interval. 


FAUNAL  COMPARISON  WITH  THE 
TACHILNI  FORMATION 

The  Tachilni  Formation  of  early  late  Miocene  age  crops  out 
on  the  distal  part  of  the  Alaska  Peninsula  and  contains  a 
cool-temperate,  inner-shelf  molluscan  fauna  (Marincovich, 
1 983).  Its  type  section  at  Cape  Tachilni  (Fig.  2)  and  its  limited 
outcrop  area  are  about  80  km  southwest  of  the  nearest  Bear 
Lake  formation  outcrop,  on  Ukolnoi  Island,  and  the  two 
formations  have  many  molluscan  genera  in  common.  How- 
ever, despite  their  geographic  proximity  and  similarity  in 
inferred  habitat,  a comparison  of  the  Tachilni  fauna  and  the 
Ukolnoi  Island  Bear  Lake  faunule  shows  significant  species- 
level  differences  that  reflect  differences  in  age,  paleogeogra- 
phy,  and  paleoenvironment.  Among  the  ten  Ukolnoi  Island 
mollusks  identified  to  species  only  three,  Mya  (Alya)  trun- 
cala,  Fusi triton  oregonensis,  and  Natica  (Crvptonatica)  clau- 
sa, are  known  in  the  Tachilni  fauna  of  53  taxa.  In  addition, 
three  genera  (Pi tar?,  Penitella,  and  Thracia)  in  the  relatively 
small  Ukolnoi  Island  faunule  are  not  present  in  the  Tachilni 
fauna. 

The  younger  age  of  the  Tachilni  fauna  accounts  for  the 
absence  of  the  earliest  middle  Miocene  Turritella  (Hataiella) 
sagai  that  is  abundant  in  the  Ukolnoi  Island  Bear  Lake  fau- 
nule. However,  most  Ukolnoi  Island  species  occur  in  both 
middle  and  late  Miocene  Bear  Lake  faunas  (based  on  USGS 
collections),  so  their  absence  from  the  Tachilni  fauna  is  prob- 
ably due  to  a combination  of  paleogeographic  and  paleoen- 
vironmental  factors.  Bear  Lake  sediments  evidently  accu- 
mulated in  a semi-enclosed  embayment  opening  onto  Bristol 
Bay,  analogous  to,  but  much  larger  than,  the  modern  Her- 
endeen  Bay-Port  Moller  and  Port  Heiden  embayments  (Nil- 
sen,  1985)  (Fig.  2).  Based  on  differences  in  molluscan  com- 
position between  the  Tachilni  and  Bear  Lake  faunas,  Tachilni 
sediments  were  evidently  deposited  along  a relatively  open 
coastline  rather  than  in  an  embayment.  The  much  less  silty 
nature  of  the  Tachilni  sandstone  matrix  supports  this  inter- 


pretation. Based  on  their  relatively  high  content  of  volcani- 
clastic  sediments,  strata  of  the  Unga  Conglomerate  Member 
are  thought  to  be  separable  from  other  Bear  Lake  strata  (Rob- 
ert Detterman,  written  communication,  1987).  The  conspic- 
uous absence  from  the  Tachilni  fauna  of  Mytilus  (Plicato- 
mytilus)  gratacapi,  the  attached  shoreline-dwelling  bivalve 
that  is  present  (and  sometimes  abundant)  virtually  through- 
out the  Bear  Lake  Formation,  suggests  either  greater  water 
depth  for  the  Tachilni  fauna  or  the  lack  of  a suitable  hard 
substrate  for  the  attachment  of  M.  (P.)  gratacapi.  The  in- 
ferred paleobathymetry  of  the  Tachilni  molluscan  fauna,  20 
to  50  m (Marincovich,  1983),  is  very  similar  to  that  of  the 
Ukolnoi  Island  faunule  and  other  Bear  Lake  faunules,  so  lack 
of  a suitable  hard  substrate  may  account  for  the  absence  of 
M.  (P.)  gratacapi  from  the  Tachilni  fauna. 

SYSTEMATIC  PALEONTOLOGY 

Taxonomic  comments  and  abbreviated  synonymies  are  giv- 
en for  all  taxa.  The  synonymies  include  original  citations  and 
the  subsequent  citations  that  deal  with  the  species  most  ex- 
tensively. Abbreviations  used  are: 

USGS  M:  U.S.  Geological  Survey,  Branch  of  Paleontology 
and  Stratigraphy,  Menlo  Park,  California,  Cenozoic  local- 
ity number. 

USNM:  National  Museum  of  Natural  History,  Washington, 
D.C. 


Phylum  Mollusca 
Class  Bivalvia 
Family  Nuculidae 
Acila  sp.  indet. 

One  incomplete  specimen  of  Acila  was  found  on  the  main- 
land at  M8329,  and  another  on  Ukolnoi  Island  at  M7152. 
The  M8329  specimen  preserves  no  dentition,  but  shows  that 
the  species  is  large  (at  least  22  mm  high),  and  the  M7152 
specimen  consists  only  of  an  incomplete  half  of  a hinge  plate 
with  1 2 large,  coarse  teeth.  No  sculpture  is  preserved.  An  as- 
yet  unidentified,  but  large  and  coarse-toothed  Acila  does  oc- 
cur elsewhere  in  some  Bear  Lake  outcrops  (Marincovich, 
unpublished  data,  1987).  In  addition,  Acila  (Truncacila)  em- 
pirensis  Howe,  1922,  and  A.  (T.)  ermani  (Girard,  1843)  are 
present  on  the  Alaska  Peninsula  in  the  early  late  Miocene 
fauna  of  the  Tachilni  Formation  (Marincovich,  1983)  and 
both  are  similar  in  size  and  dentition  to  the  present  species. 
Also  similar  are  two  species  questionably  reported  from  the 
underlying  Paleogene  Stepovak  Formation  by  MacNeil  (in 
Burk,  1965),  A.  (T.)  shumardi  ( Dali,  1909),  and  Acila  (Acila) 
gettysburgensis  (Reagan,  1909).  Additional  specimens  from 
Ukolnoi  Island  or  M8329  are  needed  to  identify  this  species. 
The  present  specimens  are  not  suitable  for  illustration.  A 
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depth  range  of  5-200  m is  given  for  the  single  living  Acila 
( Truncacila ) in  the  northeastern  Pacific  by  Bernard  (1983). 

Family  Nuculanidae 

Yoldia  sp.  indet. 

Figure  16 

A single  specimen  of  Yoldia  was  found  on  Ukolnoi  Island 
and  consists  of  an  internal  mold  of  one  valve  bearing  a few 
fragments  of  shell  material.  Neither  dentition  nor  exterior 
features  of  the  shell  are  visible.  In  view  of  the  large  number 
of  Yoldia  species  known  from  North  Pacific  Neogene  faunas 
(Gladenkov,  1972),  it  is  not  possible  to  identify  this  specimen 
to  species.  The  only  previous  report  of  a Neogene  Yoldia 
species  on  the  Alaska  Peninsula  is  Yoldia  ( Cnesterium ) scis- 
surata  Dali,  1897,  from  the  Tachilni  Formation  of  early  late 
Miocene  age  (Marincovich,  1983).  However,  differences  in 
shell  outline  alone  are  great  enough  to  distinguish  that  species 
from  the  present  one.  The  genus  ranges  throughout  the  Ce- 
nozoic  and  lives  in  a wide  variety  of  modern  environments 
in  depths  from  the  intertidal  zone  to  2,000  m (Keen  and 
Coan,  1974). 

Family  Mytilidae 

Mytilus  ( Plicatomytilus ) gratacapi 
Allison  and  Addicott,  1976 
Figure  3 

Mytilus  (Plicatomytilus)  gratacapi  Allison  and  Addicott,  1976: 

9-13;  pi.  2,  figs.  1,  3,  6-10;  pi.  3,  figs.  1,  3,  5,  7,  8. 

This  mytilid  is  known  only  from  the  Bear  Lake  Formation, 
and  the  Ukolnoi  Island  specimens  represent  its  oldest  known 
occurrence.  Only  a single  articulated  and  closed  but  incom- 
plete individual  and  several  fragments  are  present  in  the 
Ukolnoi  Island  faunule.  However,  the  relatively  short  and 
thick  shell  with  strongly  arched  anteroposterior  axis,  sinuous 
commissure,  and  irregular  constrictions  parallel  to  the  growth 
lines  are  unmistakable  features  of  this  species. 

This  mytilid  was  first  reported  (as  '"Mytilus  middendorffi ”) 
from  the  “upper  part”  of  the  “basal  fifth”  of  the  Bear  Lake 
Formation  by  Burk  (1965),  who  defined  this  “basal  fifth”  as 
the  Unga  Conglomerate  Member  of  the  formation  (Burk, 
1 965,  p.  116).  The  stratigraphic  range  of  this  species  was  later 
extended  upward  into  “the  middle  part  of  the  [Bear  Lake] 
formation”  by  Allison  and  Addicott  (1976,  p.  11),  who  con- 
sidered that  “the  probability  is  that  much,  if  not  all,  of  the 
range  zone  of  M.  gratacapi  is  of  late  Miocene  age.”  Tenuous 
correlations  between  some  Unga  Conglomerate  Member 
mollusks  and  faunas  in  Oregon  and  Washington  suggested 
to  Allison  (1978)  a possible  middle  Miocene  age  for  some 
marine  beds  assigned  to  the  Unga  Conglomerate  Member 
that  contain  M.  ( P .)  gratacapi.  The  recognition  of  M.  (P.) 
gratacapi  here,  in  the  Ukolnoi  Island  faunule  of  earliest  mid- 
dle Miocene  age,  at  about  15-16  Ma  (Marincovich  and  Kase, 


1 986),  provides  the  earliest  and  only  well-dated  record  of  the 
species. 

The  habitat  inferred  for  M.  gratacapi  by  Allison  and  Ad- 
dicott (1976)  is  in  the  intertidal  to  very  shallow  subtidal 
range,  probably  on  exposed  coastlines  where  its  very  thick 
shell  was  an  adaptation  to  high-energy  wave  conditions.  This 
inference  remains  to  be  reconciled  with  the  interpretation  of 
Nilsen  (1985)  that  Bear  Lake  sediments  were  deposited  in  a 
semi-enclosed  embayment. 

Family  Lucinidae 

Lucinoma  acutilineata  (Conrad,  1849) 

Figures  4,  5 

Lucina  acutilineata  Conrad,  1849:725,  pi.  18,  figs.  2,  2a,  b. 
Lucinoma  acutilineata  (Conrad).  Moore,  1964:70-71,  pi.  15, 

figs.  7-10,  12.  Marincovich,  1980:8,  figs.  15,  16. 

Among  the  most  common  bivalves  in  the  Ukolnoi  Island 
faunule,  this  species  is  recognized  by  its  nearly  circular  out- 
line, and  by  its  regularly  spaced,  fine,  and  distinctly  raised 
concentric  lamellae  that  are  separated  by  wider  interspaces. 
Nearly  all  Ukolnoi  Island  specimens  are  articulated  and 
closed,  as  is  generally  true  for  other  eastern  Pacific  occur- 
rences. The  first  eastern  Pacific  appearance  of  this  species, 
in  the  Eugene  Formation  of  Oregon  (Hickman,  1969),  has 
been  assigned  to  the  late  Eocene  and  early  Oligocene  part  of 
the  Galvinian  Stage  by  Armentrout  (1975).  Its  youngest  ver- 
ified North  American  record  is  in  the  Astoria  Formation  of 
Oregon  (Moore,  1 964),  in  a fauna  assigned  to  the  Newportian 
Stage  of  late  early  Miocene  through  middle  Miocene  age 
(Addicott.  1981).  However,  this  species  has  been  tentatively 
identified  in  the  Empire  Formation  (restricted)  at  Cape  Blan- 
co, Oregon,  which  has  been  assigned  a late  Miocene  (Wish- 
kahan  Stage)  age  (Addicott,  1983).  The  only  previous  report 
of  L.  acutilineata  from  Alaska  is  in  a Newportian  molluscan 
fauna  of  the  Topsy  Formation  in  southeastern  Alaska  (Ma- 
rincovich, 1980).  Its  modem  homologue,  L.  annulata  (Reeve, 

1 850),  ranges  from  southern  Alaska  to  Baja  California,  Mex- 
ico, in  depths  of  20  to  800  m,  but  is  most  common  in  the 
inner  sublittoral  zone  (0-100  m)  (Burch,  1944);  it  also  occurs 
in  Pliocene  and  Quaternary  faunas  (Addicott,  1973).  Differ- 
ences in  shell  morphology  between  L.  acutilineata  and  L. 
annulata  have  been  detailed  by  Stewart  (in  Tegland,  1933) 
and  by  Moore  (1964).  Grant  and  Gale  (1931)  considered  L. 
annulata,  as  well  as  L.  Columbiana  (Clark  and  Arnold,  1923) 
from  upper  Oligocene  or  lower  Miocene  strata  of  the  Sooke 
Formation,  British  Columbia,  Canada,  to  be  synonyms  and 
thought  L.  hannibali  (Clark,  1925)  to  be  very  closely  related. 
Addicott  (1976)  similarly  thought  that  specimens  figured  as 
L.  hannibali  by  Tegland  (1933)  from  lower  Oligocene  beds 
of  the  Blakeley  Formation  in  Washington,  were  probably  L. 
acutilineata.  Slodkewitsch  ( 1 938a,  b)  and  later  Russian  work- 
ers (e.g.,  Devyatilova  and  Volobueva,  1981)  considered  L. 
annulata,  L.  hannibali,  and  L.  columbiana  to  be  synonyms 
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of  L.  acutilineata.  Lucinoma  acutilineata  and  L.  annulata 
are  considered  to  be  separate  species  herein.  However,  a 
study  to  establish  the  taxonomic  relationships  of  these  and 
related  species  is  needed. 

East  Asian  faunas  containing  L.  acutilineata  have  been 
cited  in  Japan,  Sakhalin,  and  Kamchatka.  The  species  has 
been  reported  in  numerous  Japanese  Miocene  formations, 
as  well  as  in  some  Oligocene  and  Pliocene  strata  (Hatai  and 
Nisiyama,  1952;  Masuda  and  Noda,  1976;  Masuda,  1984). 
The  Pliocene  occurrences  may  be  assignable  to  L.  annulata. 
The  Japanese  occurrences  of  this  species  are  so  numerous 
that  determining  their  validity  and  age  range  is  beyond  the 
scope  of  this  study.  Slodkewitsch  (1938a,  b)  reported  this 
species  in  the  lower  part  of  the  Tighil  Group,  in  the  Vayampol 
Group,  and  in  the  upper  portion  of  the  “Clayey-sandstone 
Formation”  of  Kamchatka,  as  well  as  in  the  Mayamraf, 
Rykhlaya,  and  Khoi  formations  and  in  the  lower  part  of  the 
Machigar  Formation  of  Sakhalin.  However,  age  assignments 
of  these  Far  Eastern  U.S.S.R.  Tertiary  strata  are  uncertain 
owing  to  the  lack  of  detailed  biostratigraphic  studies.  The 
oldest  record  cited  for  L.  acutilineata  in  the  modern  Russian 
literature  is  in  the  Olkhov  Group  of  the  Koryak  Uplands, 
which  has  been  assigned  a late  Eocene  age  (Devyatilova  and 
Volobueva,  1981).  This  occurrence  is  coeval  in  part  with,  or 
possibly  older  than,  that  in  the  Eugene  Formation  of  Oregon, 
noted  above. 

Family  Tellinidae 

Macoma  sp.  indet. 

Figures  6-10 

This  bivalve  is  abundant  on  Ukolnoi  Island,  with  all  spec- 
imens articulated  and  closed,  but  it  is  preserved  largely  as 
external  casts.  As  a result,  internal  features  of  the  shell  are 
not  well  preserved  and  a species  determination  is  not  pos- 
sible. This  species  is  characterized  by  its  centrally  located, 
relatively  high  umbones.  The  posterior  end  is  only  slightly 
elongated,  narrowly  to  moderately  rounded  but  not  pointed, 
and  bent  slightly  to  the  right;  the  anterior  end  is  more  broadly 
rounded.  The  anterior  dorsal  margin  is  slightly  convex,  and 
the  posterior  dorsal  margin  is  slightly  concave  or,  less  com- 
monly, straight.  Both  valves  are  moderately  inflated.  Average 


dimensions  are:  length  50  mm,  height  40  mm,  thickness 
(articulated)  15  mm. 

Alaska  Peninsula  Miocene  Macoma  identified  to  species 
have  been  previously  reported  from  faunas  of  the  Bear  Fake 
Formation  (but  not  the  Unga  Conglomerate  Member)  and 
the  Tachilni  Formation.  Macoma  ( Macoma ) optiva  (Yoko- 
yama,  1923)  was  cited  from  one  outcrop  of  the  Paleogene 
Belkofski  Formation  by  Marincovich  and  McCoy  ( 1 984),  but 
that  outcrop  is  now  considered  to  belong  to  the  Bear  Fake 
Formation  (Frederic  Wilson,  oral  communication,  1987). 
MacNeil  (in  Burk,  1965,  p.  228)  reported  Macoma  cf.  M. 
calcarea  (Gmelin,  1791)  from  the  type  section  of  the  Bear 
Fake  Formation,  and  Marincovich  (in  Detterman  and  others, 
1981)  reported  M.  (M.)  cf.  M.  (M.)  aston  Dali,  1909,  Ma- 
coma incongrua  (von  Martens,  1865),  and  M.  (A/.)  optiva 
(Yokoyama,  1923)  from  the  same  section.  Marincovich  (1983) 
reported  M.  (M.)  cf.  M.  (M.)  astori,  M.  (M.)  optiva.  and  M. 
incongrua  from  the  type  section  and  other  sections  of  the 
Tachilni  Formation.  Of  these  species,  M.  (M.)  cf.  M.  (M.) 
astori  is  most  similar  in  shape  to  the  Ukolnoi  Island  species, 
but  clearly  differs  from  the  latter  by  having  its  umbones  set 
closer  to  the  posterior  end,  by  its  somewhat  subtruncate  pos- 
terior termination,  and  by  the  presence  of  a shallow  groove 
just  below  the  posterior  dorsal  margin.  Macoma  species  il- 
lustrated from  Neogene  faunas  of  the  eastern  Gulf  of  Alaska, 
in  the  Yakagata  and  Topsy  formations  (Clark,  1 932;  Kanno, 
1971;  Marincovich,  1 980),  are  dissimilar  in  form  to  the  Ukol- 
noi Island  taxon. 

In  view  of  the  many  Macoma  species  that  have  been  de- 
scribed from  Japanese,  Russian,  and  western  North  Amer- 
ican Neogene  faunas,  and  the  imperfect  preservation  of  the 
Ukolnoi  Island  specimens,  there  is  little  chance  of  an  accurate 
species-level  identification  based  on  these  specimens.  Fiving 
species  of  Macoma  dwell  in  such  a wide  variety  of  habitats 
that  this  taxon  is  not  useful  for  inferring  paleoecology. 

Family  Cardiidae 

Clinocardium  sp.  indet. 

Figure  1 1 

Two  external  casts  of  articulated,  closed  specimens  of  Cli- 
nocardium at  M8331  (=  M7152)  are  too  poorly  preserved 


Figures  3-19.  Mytilus  (Plicatomytilus)  gratacapi  Allison  and  Addicott,  Lucinoma  acutilineata  (Conrad),  Macoma  sp.  indet.,  Clinocardium 
sp.  indet.,  Pitarl  sp.,  Yoldia  sp.  indet.,  Thracia  sp.  indet.  Fig.  3.  Mytilus  (Plicatomytilus)  gratacapi  Allison  and  Addicott.  USNM  418379, 
USGS  loc.  M7153;  length  66  mm,  height  51.5  mm.  Figs.  4,  5.  Lucinoma  acutilineata  (Conrad).  USNM  418380,  USGS  loc.  M7154;  height 
20  mm,  length  20.7  mm,  thickness  (both  valves)  8.1  mm.  4.  Right  valve.  5.  Left  valve.  Figs.  6-10.  Macoma  sp.  indet.  6,  7.  USNM  418381, 
USGS  loc.  M8331;  length  43.6  mm,  height  36.4  mm,  thickness  (both  valves)  12.6  mm.  6.  Dorsal  view.  7.  Left  valve.  8.  USNM  418382, 
USGS  loc.  M7 1 54;  length  39.2  mm,  height  32.3  mm,  thickness  (both  valves)  1 1 .8  mm.  Right  valve.  9,  10.  USNM  418383,  USGS  loc.  M7 1 54; 
length  44  mm,  height  35.1  mm,  thickness  (both  valves)  12.3  mm.  9.  Left  valve.  10.  Right  valve.  Fig.  11.  Clinocardium  sp.  indet.  USNM 
418384,  USGS  loc.  M8331;  length  46  mm,  height  (incomplete)  40  mm,  thickness  (both  valves)  22.8  mm.  Figs.  12-15.  Pitarl  sp.  USNM 
418385,  USGS  loc.  M7154;  length  32.3  mm,  height  25.5  mm,  thickness  (both  valves)  13.5  mm.  12.  Left  valve.  13.  Right  valve.  14.  USNM 
418386,  USGS  loc.  M8331;  length  34.1  mm,  height  26  mm,  thickness  (both  valves)  14.9  mm.  Right  valve.  15.  USNM  418387,  USGS  loc. 
M8331;  length  26.6  mm,  height  18.7  mm,  thickness  (both  valves)  10.8  mm.  Left  valve.  Fig.  16.  Yoldia  sp.  indet.  USNM  418388,  USGS  loc. 
M8331;  length  (incomplete)  31.4  mm,  height  18.8  mm.  Figs.  17-19.  Thracia  sp.  indet.  17.  USNM  418389,  USGS  loc.  M7153;  length  51.6 
mm,  height  38.4  mm,  thickness  (both  valves)  17.2  mm;  right  valve.  18.  USNM  418390,  USGS  loc.  M7153;  length  55.8  mm,  height  40.5  mm, 
thickness  (both  valves)  17.1  mm,  left  valve.  19.  Right  valve. 
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for  specific  identification.  One  valve  of  the  best  preserved 
specimen  bears  about  30  closely  spaced,  low  and  rounded 
radial  costae  and  the  matching  valve  shows  a centrally  placed, 
somewhat  sharply  elevated  umbo.  Each  imperfectly  pre- 
served specimen  is  about  40  to  45  mm  high  and  slightly 
longer  than  high.  The  only  Miocene  clinocardiums  previ- 
ously described  and  illustrated  from  the  Alaska  Peninsula 
occur  in  the  Tachilni  Formation  (Marincovich,  1983)  and 
include:  C.  cf.  C.  ciliatum  (Fabricius,  1780),  C.  hannibali 
Keen,  1954,  C.  meekianum  (Gabb,  1866)  new  subspecies?, 
and  C.  cf.  C.  pristinum  Keen,  1954.  These  four  Tachilni  taxa 
differ  distinctly  in  either  size,  shape,  or  rib-count,  or  in  all 
three  characters,  from  the  Ukolnoi  Island  taxon.  Clinocar- 
dium  species  known  from  Miocene  faunas  of  the  Yakataga 
Formation  in  the  eastern  Gulf  of  Alaska  (Kanno,  1971)  in- 
clude: C.  yakatagense  (Clark,  1932),  C.  brooksi  (Clark,  1932), 
and  C.  hopkinsi  Kanno,  1971.  These  Yakataga  species  also 
clearly  differ  in  size,  shape,  or  rib-count  from  the  Ukolnoi 
Island  specimens. 

Clinocardium  is  widespread  in  North  Pacific  Cenozoic  fau- 
nas and  lives  in  depths  from  the  intertidal  zone  to  200  m in 
the  northeastern  Pacific  (Keen  and  Coan,  1974). 

Family  Veneridae 

Pi  tar!  sp. 

Figures  12-15 

IPitar  sp.  Marincovich,  in  Detterman  and  others,  1981:sheet 

2,  tabic  1 . 

Three  individuals  of  this  taxon  occur  on  Ukolnoi  Island, 
but  are  too  poorly  preserved  as  external  casts  for  certain 
generic  placement.  The  shell  outlines  are  subtrigonal,  with 
somewhat  narrowly  rounded  posterior  ends  and  more  broad- 
ly rounded  anterior  ends.  The  best  preserved  specimen  has 
articulated,  closed  valves  and  is  32.3  mm  long,  25.5  mm 
high,  and  13.5  mm  thick  (Figs.  12,  13).  Remnants  of  fine, 
closely  and  evenly  spaced  concentric  costae  are  the  only  vis- 
ible sculpture.  The  other  two  specimens  are  similar  in  size 
and  their  sculpture  is  identical,  but  less  well  preserved.  In- 
terior features  of  Pitar!  sp.  are  not  visible. 

Two  specimens  identical  to  these  were  reported  as  “ IPitar 
sp.”  by  Marincovich  (in  Detterman  and  others,  1981)  from 
the  type  section  of  the  Bear  Lake  Formation.  Those  speci- 
mens also  are  preserved  as  external  casts. 

This  taxon  belongs  within  the  venerid  subfamily  Pitarinae, 
in  which  most  genera  are  associated  with  mild-temperate  to 
tropical  fossil  and  modern  faunas.  Numerous  Paleogene  Pitar 
(as  well  as  the  very  closely  related  genus  Macrocallista  that 
is  indistinguishable  from  Pitar  in  many  North  Pacific  fossil 
faunas)  are  known  from  faunas  in  Oregon  and  Washington 
(Weaver,  1943),  as  well  as  from  Japan  (Hatai  and  Nisiyama, 
1952;  Masuda  and  Noda,  1976)  and  the  Far  Eastern  U.S.S.R. 
(Devyatilova  and  Volobueva,  1981).  Paleogene  Pitar  species 
also  occur  in  southern  Alaska,  in  the  Stepovak  Formation  of 
the  Alaska  Peninsula  (Dali,  1904)  and  in  the  Poul  Creek 
Formation  (Kanno,  1971)  in  the  eastern  Gulf  of  Alaska. 
However,  there  seem  to  be  no  verified  pitars  in  high-latitude 


North  Pacific  Neogene  deposits  (Roth,  1975),  making  the 
identity  of  the  Ukolnoi  Island  genus  all  the  more  intriguing. 
Pitar!  sp.  is  considered  here  to  be  an  extralimital  western 
Pacific  warm-water  element  in  the  Ukolnoi  Island  fauna. 

Family  Myidae 

My  a ( My  a ) truncata  Linnaeus,  1758 

Figures  26,  27 

Mya  truncata  Linnaeus,  1758:670.  Fujie,  1957a:399-400,  pi. 

3,  figs.  1-4. 

Mya  (Mya)  truncata  Linnaeus.  Grant  and  Gale,  1931:41 4— 

415.  MacNeil,  1965:38-40,  pi.  8,  figs.  1-12;  pi.  9,  figs.  1— 

3,  5-20. 

This  distinctive  bivalve  is  present  at  M8329  on  the  Alaska 
Peninsula  mainland  (Fig.  2)  as  well  as  on  Ukolnoi  Island. 
The  best  preserved  specimens  have  characteristically  ovate 
shells  with  coarse,  irregular  growth  lines  as  the  only  sculpture, 
and  sharply  truncated  posterior  ends.  All  specimens  studied 
herein  have  articulated,  closed  valves,  but  their  orientation 
at  the  outcrops  (i.e.,  whether  in  living  positions  or  not)  was 
not  observed.  Opinions  vary  about  the  earliest  appearance 
of  this  species.  MacNeil  ( 1 965)  cited  this  species  in  the  lower 
part  of  the  Yakataga  Formation  in  the  eastern  Gulf  of  Alaska 
and  in  the  Takinoue  (=  Chikubetsu)  Formation  of  Hokkaido, 
and  considered  both  occurrences  to  be  of  early  middle  Mio- 
cene age.  Strauch  (1972)  considered  its  first  appearance  to 
be  in  late  Miocene  faunas  of  the  northeastern  Pacific.  The 
present  Alaska  Peninsula  specimens,  of  earliest  middle  Mio- 
cene age,  support  MacNeil’s  (1965)  opinion,  and  are  among 
the  earliest  known  examples  of  M.  (M.)  truncata  in  Alaska 
or  elsewhere. 

Stratigraphic  occurrences  of  this  species  are  too  numerous 
to  list.  MacNeil  (1965)  noted  Miocene  and  Pliocene  records 
extending  from  northern  Honshu  to  southern  California,  and 
late  Pliocene  and  Pleistocene  records  in  the  Arctic  and  North 
Atlantic  oceans.  He  thought  that  its  abrupt  appearance  in 
Alaska  suggested  an  origin  in  eastern  Asia  (MacNeil,  1965, 
p.  39).  Stratigraphic  records  from  Japan  (Nagao  and  Inoue, 
1941;  Fujie,  1957a,  b)  are  not  detailed  enough  to  decide  this 
issue.  The  Russian  literature  cites  pre-middle  Miocene  oc- 
currences of  M.  (M.)  truncata  in  faunas  of  the  late  early 
Miocene  Ilyin  Stage  of  West  Kamchatka,  in  the  Eliseev  For- 
mation fauna  assigned  to  the  early  early  Miocene  Kuluven 
Stage  of  the  Lower  Anadyr  Basin,  and  the  in  the  early  Mio- 
cene Undal-Umen  Formation  of  the  Koryak  Uplands  (De- 
vyalitova  and  Volobueva,  1981).  Unfortunately,  the  only 
early  Miocene  specimen  figured  by  Devyatilova  and  Volob- 
ueva ( 1 98 1 , pi.  38,  fig.  8),  from  the  Undal-Umen  Formation, 
lacks  a truncated  posterior  end  and  is  likely  assignable  to 
another  species.  The  ancestors  and  earliest  individuals  of  M. 
(M.)  truncata  perhaps  do  occur  in  the  Far  Eastern  U.S.S.R., 
but  the  plethora  of  morphologically  overlapping  Mya  species 
described  from  that  region  (Slodkewitsch,  1938a,  b;  Krish- 
tofovich  and  Ilyina,  1954;  Ilyina,  1963;  Zhidkova,  1972; 
Devyatilova  and  Volobueva,  1981;  Menner,  1 984),  including 
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some  with  widely  varied  degrees  of  posterior  truncation,  pre- 
clude an  easy  settling  of  this  matter. 

This  is  a shallow-water  species  in  modern  seas.  The  ac- 
cepted death  range  for  eastern  Pacific  Mya  is  0-50  m (Keen 
and  Coan,  1974),  although  depths  to  over  100  m are  claimed 
(Bernard,  1979,  1983).  Mya  (Mya)  truncata  is  most  abundant 
in  cool -temperate  to  frigid  habitats,  but  also  ranges  into  waters 
as  warm  as  mild-temperate.  It  is  a common  Arctic  Ocean 
species  whose  modern  southern  range  end-points  are  north- 
ern Honshu  and  possibly  northern  California  in  the  Pacific, 
and  Cape  Cod  and  the  Mediterranean  in  the  Atlantic  (Ber- 
nard, 1979). 

Mya  sp.  indet. 

Figures  23-25 

Ukolnoi  Island  Mya  specimens  clearly  differ  from  M.  (M.) 
truncata  by  having  moderately  produced,  untruncated  pos- 
terior terminations  with  only  slight  gapes.  They  differ  also 
from  the  next  most  common  Alaskan  Miocene  Mya,  M.  (M.) 
cuneifonnis  (Bohm,  1915),  by  lacking  a strongly  beveled  pos- 
terodorsal  margin,  by  being  thicker  in  section,  and  by  lacking 
evidence  of  irregular  raised  wrinkles  that  are  distinctive  fea- 
tures of  all  other  Alaskan  shells  of  this  species  that  I have 
seen.  Both  specimens  of  Mya  sp.  mdet.  have  articulated  and 
closed  valves.  Their  shapes  fall  within  a morphologic  spec- 
trum that  includes  a large  number  of  previously  described 
North  Pacific  Miocene  Mya.  References  to  works  illustrating 
specimens  similar  to  Mya  sp.  indet.  are  noted  in  the  above 
discussion  of  M.  (M. ) truncata,  and  in  a discussion  by  Marin- 
covich  (1983)  of  Mya  new  species?  from  the  Tachilni  For- 
mation. 

Family  Pholadidae 

Penitella  sp.  indet. 

Figures  20-22 

This  bivalve  is  present  at  M7153  on  Ukolnoi  Island,  al- 
though poor  preservation  does  not  allow  identification  of  the 
species.  However,  the  elongate-oval  shell,  distinct  umbonal- 
ventral  sulcus,  with  the  anterior  end  closed  by  a callum,  and 
the  dorsal  extension  of  the  callum  extending  from  the  beaks 
to  the  umbones  place  this  species  in  Penitella.  The  mesoplax, 
one  of  the  most  diagnostic  features  in  the  genus,  is  missing 
from  all  specimens.  These  specimens  are  the  only  penitellas 
reported  from  the  Bear  Lake  Formation.  Of  the  eight  species 
of  Cenozoic  Penitella  noted  in  the  northeastern  Pacific  by 
Kennedy  (1974),  the  oldest  is  of  Oligocene  age,  but  none  is 
known  in  Alaska  except  in  Pleistocene  and  Holocene  faunas. 
Northwestern  Pacific  Cenozoic  Pholadidae  have  not  been 
monographed,  so  the  taxonomy  and  stratigraphic  distribu- 
tion of  species  there  are  still  uncertain.  As  noted  by  Kennedy 
(1974,  p.  40)  for  northeastern  Pacific  pholads,  fossils  often 
have  been  assigned  to  the  Pliocene  to  Holocene  species  Pen- 
itella penita  (Conrad,  1837),  more  for  convenience  than  from 
conviction.  The  oldest  such  record  is  from  the  Khulgun  For- 
mation of  the  Tighil  Group  in  West  Kamchatka  (Slodke- 


witsch,  1938a,  b),  in  strata  of  inferred  Paleocene  through 
middle  Eocene  age  (Krishtofovich,  1947;  Menner  and  others, 
1977).  Penitella  is  also  reported  in  Oligocene  and  younger 
faunas  in  Japan  (Hatai  and  Nisiyama,  1952;  Kennedy,  1974; 
Masuda  and  Noda,  1976).  The  Ukolnoi  Island  specimens 
definitely  are  not  P.  penita  (G.L.  Kennedy,  written  com- 
munication, 1987). 

Most  pholads,  including  Penitella,  inhabit  the  high  inner 
sublittoral  to  intertidal  zones  and  are  good  indicators  of  shal- 
low water  and  the  presence  of  a nearby  shoreline  (Kennedy, 
1974).  Modern  Penitella  are  typically  rock  borers,  but  most 
middle  Tertiary  records  are  from  sediments  that  may  have 
been  hardened  by  compaction  rather  than  by  cementation 
(G.L.  Kennedy,  written  communication,  1987).  The  burrows 
of  Ukolnoi  Island  specimens  are  filled  with  matrix  identical 
to  that  of  the  surrounding  sediment.  In  such  a case,  it  is 
inferred  that  sediment  deposition  was  contemporaneous  with 
the  boring  activity  of  the  pholad  (Kennedy,  1974,  p.  19). 
Because  this  species  is  abundant  at  M7153,  this  Ukolnoi 
Island  locality  probably  was  at  or  very  close  to  a shoreline. 

Family  Thraciidae 
Thracia  sp.  indet. 

Figures  17-19 

This  species  is  represented  on  Ukolnoi  Island  by  five  ar- 
ticulated and  closed  specimens  whose  average  size  is:  length 
52  mm,  height  38  mm,  and  thickness  (both  valves)  17  mm. 
The  umbo  is  central  and  narrowly  elevated,  and  the  anterior 
dorsal  margin  is  convex  with  a broad  break  in  slope  at  its 
midpoint  that  adds  a blocky  appearance  to  the  shell.  The 
posterior  dorsal  margin  is  concave,  especially  near  the  umbo. 
The  posterior  truncation  is  only  slightly  oblique,  and  is  nearly 
normal  to  the  long  axis  of  the  shell;  the  posterior  ventral 
corner  of  the  shell  juts  out  only  slightly  farther  than  the 
posterior  dorsal  corner.  The  depressed  area  along  the  pos- 
terior dorsal  margin,  which  is  characteristic  of  the  genus,  is 
prominent  and  set  off  from  the  main  part  of  the  shell  by  a 
low  angulation  that  radiates  from  the  umbo  to  the  posterior 
ventral  comer  of  the  shell.  All  specimens  are  preserved  as 
internal  molds  with  small  remnants  of  shell  material  along 
the  dorsal  margins.  Some  muscle  scars,  but  no  pallial  lines, 
are  preserved. 

Thracia  has  not  been  reported  previously  from  the  Bear 
Lake  Formation.  The  shell  form  of  this  species  resembles 
that  of  Periploma  ( Periploma ) cf.  P.  ( P. ) aleutica  (Krause, 
1885)  from  lower  upper  Miocene  strata  of  the  Tachilni  For- 
mation (Marincovich,  1983).  As  I noted  at  that  time,  the 
Tachilni  Periploma  is  nearly  identical  in  form  to  Thracia, 
but  was  placed  in  Periploma  owing  to  the  presence  of  a chon- 
drophore  with  an  internal  buttress  and  a nacreous  interior 
shell  layer.  These  features  are  not  evident  in  the  Ukolnoi 
Island  specimens,  perhaps  due  to  imperfect  preservation.  The 
principal  basis  for  assigning  the  present  specimens  to  Thracia 
is  shell  form.  Because  there  are  at  least  25  nominal  Thracia 
species  described  from  North  Pacific  Tertiary  faunas  (Keen 
andBentson,  1944;Kamada,  1955;  Masuda  and  Noda,  1976; 
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Devyatilova  and  Volobueva,  1981),  with  considerable  mor- 
phological variation  shown  by  some,  assignment  of  the  pres- 
ent imperfectly  preserved  specimens  to  a species  is  not  pos- 
sible. 

Modern  northeastern  Pacific  Thracia  species  dwell  in  nest- 
ling habitats  in  depths  from  the  intertidal  zone  to  135  m 
(Keen  and  Coan,  1974). 

Class  Gastropoda 
Family  Turritellidae 

Turritella  ( Hataiella ) sagai 
Kotaka,  1951 
Figures  28-33 

Turritella  s-hataii  sagai  Kotaka,  195 1:87-88,  pi.  12,  figs.  13- 

17. 

Turritella  ( Hataiella ) sagai  Kotaka.  Kotaka,  1959:89-91,  pi. 

9,  figs.  6-8,  10,  12,  18.  Marincovich  and  Kase,  1986:61— 

65,  figs.  2a-h. 

This  chronostratigraphically  important  species  is  the  prin- 
cipal basis  for  assigning  an  earliest  middle  Miocene  age  ( 1 5- 
16  Ma)  to  the  Bear  Lake  strata  on  Ukolrioi  Island  (Marin- 
covich and  Kase,  1986).  This  turritellid  occurs  in  prolific 
numbers  at  Ukolnoi  Island  outcrops,  where  it  is  always  ac- 
companied by  the  equally  abundant  scaphopod  Dentalium 
( Rhahdus ) cf.  D.  ( R .)  schencki  Moore,  1964. 

In  addition  to  the  three  Ukolnoi  Island  localities  cited  for 
this  species  by  Marincovich  and  Kase  (1986),  a fourth  Alas- 
kan occurrence  of  this  species,  and  the  first  on  the  Alaska 
Peninsula  mainland,  at  M8329  (Fig.  2),  was  recognized  dur- 
ing the  present  study. 

Japanese  occurrences  of  T.  (H.)  sagai  are  in  warm-tem- 
perate to  subtropical,  inner  shelf  faunas  (Kotaka,  1959).  The 
age  range  of  this  species  (15-16  Ma)  coincides  with  the  peak 
of  the  earliest  middle  Miocene  climatic  warming  in  the  North 
Pacific  (Savin  and  others,  1981),  and  the  migration  of  T.  (H.) 
sagai  from  Honshu  to  southwestern  Alaska  evidently  oc- 
curred during  that  brief  interval  (Marincovich  and  Kase, 
1986).  The  anomalous  presence  of  this  warm-water  species 
in  the  otherwise  cool-temperate  Ukolnoi  Island  faunule  is 
discussed  earlier  herein.  Modern  Turritella  species  in  the 
northeastern  Pacific  live  in  depths  of  20  to  185  m (Keen  and 
Coan,  1974)  and  are  most  abundant  in  the  upper  parts  of 
their  depth  ranges.  The  prolific  occurrence  of  T.  ( H .)  sagai 


supports  an  inferred  shallow  inner  shelf  habitat  for  the  Ukol- 
noi Island  faunule. 

Family  Naticidae 

Natica  ( Cryptonatica ) clausa 
Broderip  and  Sowerby,  1829 
Figure  34 

Natica  clausa  Broderip  and  Sowerby,  1829:372. 

Natica  ( Cryptonatica ) clausa  Broderip  and  Sowerby.  Marin- 
covich, 1977:410-418,  pi.  41,  figs.  7-10;  pi.  42,  figs.  1-6. 
Marincovich,  1983:1  13,  pi.  22,  fig.  21. 

An  umbilicus  completely  closed  by  a semicircular  umbil- 
ical callus,  together  with  a globose  shell  having  a moderately 
elevated  spire,  characterize  this  species,  which  is  the  most 
abundant  naticid  in  Alaskan  Tertiary  deposits.  A summary 
of  this  species’  morphological  variation  and  stratigraphic  oc- 
currences is  given  in  Marincovich  (1977).  The  oldest  known 
specimens  come  from  upper  Oligocene  or  lowermost  Mio- 
cene strata  of  the  Narrow  Cape  Formation  on  Sitkinak  Island 
(Fig.  1),  western  Gulf  of  Alaska  (Allison  and  Marincovich, 
1982),  and  the  species  is  ubiquitous  in  Miocene  to  Holocene 
cool-temperate  to  cold-water  North  Pacific  faunas.  The  old- 
est well-documented  record  of  this  species  in  the  western 
Pacific  is  in  the  latest  early  Miocene  and  early  middle  Mio- 
cene faunas  of  the  Takinoue  and  Furanui  formations  of  Hok- 
kaido (Majima,  1984).  Occurrences  in  presumed  early  Mio- 
cene faunas  of  Sakhalin  (Ilyina  in  Krishtofovich  and  Ilyina, 
1954)  and  the  Koryak  Uplands  (Devyatilova  and  Volobueva, 
1981)  are  not  well  dated.  In  modern  seas  this  species  dwells 
in  depths  of  9-970  m,  in  progressively  greater  depths  from 
north  to  south  (Marincovich,  1977),  so  it  is  useful  as  an 
indicator  of  cool  or  cold  water.  Where  it  occurs  with  shallow- 
water  mollusks  of  somewhat  warmer  water  aspect,  as  in  the 
Ukolnoi  Island  faunule,  this  species  is  evidence  for  the  pos- 
sible occurrence  of  upwelling  cool  water. 

Family  Cymatiidae 

Fusitriton  oregonensis  (Redfield,  1846) 

Figures  41,  42 

Triton  oregonense  Redfield,  1846:163-168,  pi.  11,  figs.  2a,  b. 
Fusitriton  oregonensis  (Redfield).  Smith,  1970:485-497,  pi. 


Figures  20-33.  Penitella  sp.  indet.,  Mya  sp.  indet.,  Mya  ( Mya ) truncata  (Linnaeus),  Turritella  ( Hataiella ) sagai  Kotaka.  Figs.  20-22.  Penitella 
sp.  indet.  USNM  418391,  USGS  loc.  M7153;  length  43.3  mm,  height  24.1  mm,  thickness  (both  valves)  24.2  mm.  20.  Left  valve.  21.  Dorsal 
view.  22.  Right  valve.  Figs.  23-25.  Mya  sp.  indet.  USNM  418392,  USGS  loc.  M8331;  length  70  mm,  height  40  mm,  thickness  (both  valves) 
23.1  mm.  23.  Left  valve.  24.  Dorsal  view.  25.  Right  valve.  Figs.  26,  27.  Mya  (Mya)  truncata  Linnaeus.  USNM  418393,  USGS  loc.  M8331; 
length  44.7  mm,  height  30.3  mm,  thickness  (both  valves)  28.6  mm.  26.  Left  valve.  27.  Right  valve.  Figs.  28-33.  Turritella  (Hataiella)  sagai 
Kotaka.  28.  USNM  418394,  USGS  loc.  M7153;  length  54.7  mm,  diam.  17.1  mm.  29.  USNM  418395,  USGS  loc.  M7152;  length  43.1  mm, 
diam.  18.5  mm.  30.  USNM  418396,  USGS  loc.  M7152;  length  44.1  mm,  diam.  16.7  mm.  31.  USNM  418397,  USGS  loc.  M8331;  length 
47.4  mm,  diam.  15.8  mm.  32.  USNM  418398,  USGS  loc.  M7152;  length  66.2  mm,  diam.  17.0  mm.  33.  USNM  418399,  USGS  loc.  M7152; 
length  79.2  mm,  diam.  16.8  mm. 
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45,  figs.  1-1 1;  pi.  46,  figs.  1,  2,  5,  6,  8,  13,  14;  pi.  47,  figs. 

2,  3.  Marincovich,  1983:114-116,  pi.  23,  fig.  1. 

This  species  is  represented  in  the  Ukolnoi  Island  faunule 
by  a single  specimen  bearing  only  traces  of  shell  sculpture. 
However,  the  presence  of  low,  ilat-topped  costae  separated 
by  much  narrower  interspaces,  as  well  as  internal  molds  of 
coarse  and  unevenly  spaced  axial  varices  are  reliable  bases 
for  identification.  This  sculpture  falls  within  the  broad  limits 
described  for  this  species  by  Smith  ( 1 970).  Although  present 
in  temperate  Miocene  to  Holocene  faunas  across  the  North 
Pacific  margin,  F.  oregonensis  is  relatively  uncommon  in 
Alaskan  Miocene  deposits.  Its  only  previous  record  on  the 
Alaska  Peninsula  is  from  the  type  locality  of  the  Tachilni 
Formation  at  Cape  Tachilni  (Fig.  2),  in  a fauna  of  early  late 
Miocene  age  (Marincovich,  1983).  All  other  Alaskan  records 
are  from  the  eastern  Gulf  of  Alaska,  where  this  species  is 
reported  in  upper  lower(?)  or  middle  Miocene  (Newportian 
Stage)  strata  of  the  Topsy  Formation  (Marincovich,  1980) 
and  in  lower  middle  Miocene  (Newportian  Stage)  deposits 
of  the  Yakataga  Formation  (Smith,  1970;  Ariey,  1978).  The 
oldest  verified  occurrence  outside  Alaska  is  in  lower  upper 
Miocene  (Wishkahan  Stage)  strata  of  the  Empire  Formation 
at  Coos  Bay,  Oregon  (Dali,  1909).  Questionable  Miocene 
occurrences  noted  in  Japan  by  Smith  (1970)  have  been  as- 
signed Pliocene  ages  by  Masuda  and  Noda  (1976).  Numerous 
Pliocene  and  Pleistocene  records  ranging  from  central  Japan 
to  southern  California  are  given  by  Smith  (1970).  Thus,  the 
Ukolnoi  Island  specimen  represents  one  of  the  oldest  occur- 
rences of  F.  oregonensis  and  reinforces  the  idea  that  this 
species  evolved  in  southern  Alaska. 

Individuals  of  F.  oregonensis  live  in  temperate  to  cold 
waters  of  the  North  Pacific,  ranging  from  central  Honshu, 
Japan,  to  southern  California  (Smith,  1970).  This  species  has 
been  observed  in  the  intertidal  zone  from  southeastern  Alas- 
ka to  Puget  Sound.  Washington,  but  has  also  been  reported 
in  depths  as  great  as  2,370  m (Smith,  1970).  It  has  been 
collected  in  temperatures  of  7-1  1°C  in  Puget  Sound  and  in 
temperatures  less  than  8°C  off  southern  California  (Valentine 
and  Emerson,  1961).  This  species  has  been  reported  in  pro- 
gressively greater  depths  south  of  Puget  Sound  and  south- 
westward  of  the  Bering  Sea,  probably  in  response  to  deep- 
ening isotherms  (Smith,  1970). 

Family  Buccinidae 

Colusl  sp. 

Figure  40 

A single  Ukolnoi  Island  specimen  from  M8331  may  be  a 
juvenile  of  Coins  sp.  It  is  29  mm  in  height  and  consists  largely 
of  an  internal  mold.  The  spindle  shape,  slightly  elongate  an- 
terior canal,  and  absence  ofcolumellar  folds  suggests  possible 
placement  in  Coins.  The  presence  of  a small  bryozoan  colony 
at  a location  that  was  once  within  the  anterior  canal  suggests 
that  this  shell  lay  on  the  sea  bottom  for  some  time  before 
burial. 

Questionably  identified  Colus  has  been  reported  before 
from  the  type  section  of  the  Bear  Lake  Formation  (MacNeil 


in  Burk,  1965;  Marincovich  in  Detterman  and  others,  1981), 
and  Coins  aff.  C.  spitzbergensis  (Reeve,  1855)  has  been  cited 
from  the  same  stratigraphic  section  (Marincovich  in  Detter- 
man and  others,  1981).  The  Ukolnoi  Island  specimen  lacks 
any  trace  of  its  original  exterior  surface,  so  its  relationship 
to  C.  spitzbergensis,  which  has  strong  spiral  sculpture,  is 
problematical. 

Family  Neptuneidae 

Neptune  a ( Neptunea ) 
aff.  N.  (N.)  lyrata  altispira  Gabb,  1869 
Figures  35-38 

Neptunea  altispira  Gabb,  1869:44-45,  pi.  14,  fig.  2. 
Neptunea  (Neptunea)  lyrata  altispira  Gabb.  Nelson,  1974: 

1 1 1-118,  pi.  2,  figs.  3,  5;  pi.  3,  figs.  1-7;  pi.  4,  figs.  1-5; 
pi.  5,  figs.  1-7.  Marincovich,  1983:118-119,  pi.  23,  fig.  8. 

Several  specimens  in  the  Ukolnoi  Island  faunule  are  sim- 
ilar to  N.  (N. ) lyrata  altispira,  but  differ  in  important  features. 
Two  individuals  from  M7153  have  the  general  shape,  size, 
and  coarse  spiral  costae  separated  by  slightly  narrower  in- 
terspaces that  are  features  of  N.  (TV.)  lyrata  altispira,  but  both 
clearly  lack  the  secondary  and  tertiary  spiral  costellae  within 
interspaces,  and  the  sloping,  slightly  concave  subsutural  area 
of  that  subspecies.  As  treated  in  Nelson  (1974),  TV.  (TV.)  lyrata 
altispira  ranges  in  age  from  late  middle  or  early  late  Miocene 
to  early  or  middle  Pleistocene,  with  occurrences  in  numerous 
faunas  extending  from  east-central  Honshu  to  northern  Cal- 
ifornia. The  oldest  occurrence  of  this  subspecies  is  in  the 
lower  part  of  the  Yakataga  Formation  in  the  eastern  Gulf  of 
Alaska  (Nelson,  1 974),  and  its  first  appearance  on  the  Alaska 
Peninsula  is  in  the  early  late  Miocene  (Wishkahan  Stage) 
fauna  of  the  Tachilni  Formation  at  Cape  Tachilni  (Marin- 
covich, 1983),  about  80  km  southwest  of  Ukolnoi  Island 
(Fig.  2).  The  TV.  (TV. ) lyrata  substock  of  Nelson  (1974)  contains 
several  subspecies  and  ranges  in  age  from  early  Miocene  to 
Holocene.  Specimens  with  more  completely  preserved  sculp- 
tural details  are  needed  to  confidently  identify  Ukolnoi  Island 
specimens  with  one  of  these  subspecies. 

Beringius  crebricostatus  (Dali,  1902) 

Figure  39 

Chrysodomus  crebricostatus  Dali,  1877:1  [never  published]. 
Dali.  1902:530,  pi.  35,  fig.  1. 

Beringius  cf.  B.  crebricostatus  ( Dali).  Kanno,  1971:120-121, 
pi.  15,  fig.  3. 

Beringius  aff.  B.  crebricostatus  (Dali).  MacNeil,  1973: 120,  pi. 
10,  figs.  1,  2. 

This  distinctive  species  is  characterized  by  its  coarse  spiral 
costae  that  are  commonly  T-shaped  in  section,  and  by  its 
lack  of  axial  sculpture.  There  are  only  two  published  reports 
of  this  species  in  Alaskan  Tertiary  faunas:  from  the  Unga 
Conglomerate  Member  at  Cape  Aliaksin,  Alaska  Peninsula 
(Fig.  2)  (MacNeil,  1973;  as  “aff.”)  and  from  the  lower  part 
of  the  Yakataga  Formation  at  Cape  Yakataga,  eastern  Gulf 
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Figures  34—43.  Natica  (Cryptonatica)  clausa  Broderip  and  Sowerby,  Neptunea  (Neptunea)  aff.  N.  (N. ) lyrata  altispira  Gabb,  Beringius  cf.  B. 
crebricostatus  Da!l,  Coins' ? sp.,  Fusitriton  oregonensis  (Redfield),  Dentalium  cf.  D.  schencki  Moore.  Fig.  34.  Natica  (Cryptonatica)  clausa 
Broderip  and  Sowerby.  USNM  418400,  USGS  loc.  M7I54;  height  20.5  mm,  diam.  15.8  mm;  x2.  Figs.  35-38.  Neptunea  (Neptunea)  aff.  N. 
(N.)  lyrata  altispira  Gabb.  35-36,  38.  USNM  418401,  USGS  loc.  M7153;  height  (incomplete)  45.3  mm.  Showing  spiral  sculpture.  37.  USNM 
418402,  USGS  loc.  M7 1 53;  height  68.2  mm,  diam.  40.0  mm.  Fig.  39.  Beringius  crebricostatus  Dali.  USNM  418403,  USGS  loc.  M8331;  height 
44  mm,  diam.  34  mm.  Fig.  40.  Colusl  sp.  USNM  418404,  USGS  loc.  M8331;  height  28.7  mm,  diam.  15  mm.  Figs.  41,  42.  Fusitriton 
oregonensis  (Redfield).  USNM  418405,  USGS  loc.  M7154;  height  (incomplete)  30.3  mm,  diam.  (incomplete)  22.4  mm.  41.  Left  side,  showing 
remnant  of  spiral  sculpture.  42.  Apertural  view,  showing  varices.  Fig.  43.  Dentalium  (Rhabdus)  cf.  D.  (R.)  schencki  Moore.  USNM  418406, 
USGS  loc.  M7152;  larger  specimen,  length  (incomplete)  31.7  mm,  greatest  diam.  6.4  mm. 


of  Alaska  (Kanno,  1971;  as  “cf.”)  (Fig.  1).  The  Yakataga 
Formation  occurrence  may  be  of  early  or  middle  Miocene 
age  (Kanno,  1971),  whereas  the  Unga  Conglomerate  Member 
occurrence  is  of  middle  Miocene  age  (herein).  Except  for  the 
present  specimens  and  the  uncertain  Cape  Aliaksin  occur- 
rence, this  species  is  not  present  in  the  many  Bear  Lake 
Formation  collections  that  have  been  made  in  recent  years, 
including  those  from  the  formational  type  section  near  Bear 
Lake  (Fig.  2)  (Marincovich  in  Detterman  and  others,  1981). 
MacNeil  (1973)  noted  that  the  range  of  morphologic  varia- 
tion in  Holocene  B.  crebricostatus  is  based  on  very  few  spec- 
imens, including  only  one  intact  shell,  the  holotype.  He  fur- 
ther noted  that  although  all  known  fossil  specimens  are 
imperfectly  preserved,  those  from  Cape  Aliaksin  and  the 
lower  part  of  the  Yakataga  Formation  may  comprise  a sep- 


arate species,  compared  to  Holocene  specimens,  because  they 
seem  to  have  a more  elongate  anterior  canal  and  lack  a si- 
phonal  fasciole.  Like  these  Miocene  specimens  mentioned 
by  MacNeil  (1973),  Ukolnoi  Island  specimens  have  elongate 
anterior  canals  and  lack  siphonal  fascioles. 

The  degree  to  which  the  coarse  spiral  costae  are  T-shaped 
in  section  varies  considerably  among  individuals  and  also, 
to  a lesser  degree,  on  different  portions  of  a single  individual. 
The  costae  of  some  Ukolnoi  Island  specimens  are  deeply 
undercut  above  and  below  to  form  a characteristic  “T”  shape, 
whereas  costae  on  other  specimens  are  straight  sided  or  in- 
clined slightly  to  form  a V-shaped  interspace.  Similar  vari- 
ations are  shown  on  the  holotype  figured  by  Dali  ( 1 902)  and 
Oldroyd  (1927). 

There  are  no  reports  of  this  species  in  east  Asian  fossil 
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faunas.  Its  modern  geographic  range  is  from  Plover  Bay,  Far 
Eastern  U.S.S.R.,  to  the  Aleutian  Islands,  the  Shumagin  Is- 
lands in  the  western  Gulf  of  Alaska,  and  British  Columbia, 
Canada  (Foster,  1981)  (Fig.  1).  The  holotype  comes  from  a 
depth  of  182  m at  Unalaska  Island,  Aleutian  Islands,  Alaska 
(Fig.  1 ),  and  the  species  is  reported  to  occur  in  depths  of  300 
to  600  m in  British  Columbia  (Bernard,  1970),  but  fossil 
occurrences  are  in  inner-shelf  faunas.  This  evident  difference 
in  bathymetric  preference  between  fossil  and  Holocene  in- 
dividuals may  relate  to  the  differences  in  shell  morphologies 
noted  by  MacNeil  ( 1 973)  and  reinforces  the  idea  of  a possible 
taxonomic  difference  between  fossil  and  modern  specimens. 

If  Alaskan  Miocene  specimens  are  a different  species  from 
modern  B.  crebricostatus,  then  their  occurrences  on  Ukolnoi 
Island,  at  Cape  Aliaksin,  and  in  the  Cape  Yakataga  area 
suggest  possible  correlations.  The  inferred  older  parts  of  the 
Bear  Lake  Formation,  on  Ukolnoi  Island  and  at  Cape  Al- 
iaksin, may  correlate  with  the  stratigraphically  lower  part  of 
the  Yakataga  Formation  bearing  this  species.  If  so,  the  oc- 
currence of  this  possibly  extinct  Beringius  species  may  co- 
incide with  the  climatic  warm  interval  during  which  Turri- 
tella  (Hataiella)  sagai  migrated  from  Japan  to  southwestern 
Alaska  (Marincovich  and  Kase,  1986). 

The  work  usually  cited  for  the  original  description  of  this 
species,  Dali  (1877),  was  never  published,  and  Dali's  de- 
scription was  then  available  only  as  an  unpublished  preprint. 
The  correct  authorship  for  B.  crebricostatus  is  Dali  (1902), 
as  noted  by  Boss  and  others  (1968). 

Tyrannoberingius  rex  Marincovich,  1981 

Tyrannoberingius  rex  Marincovich,  1981:176,  text-hgs. 

2a-e. 

This  species  is  represented  on  Ukolnoi  Island  by  fragments 
that  preserve  parts  of  the  penultimate  and  body  whorl  of  one 
individual.  These  fragments  exhibit  the  coarse  axial  sculpture 
and  lack  of  spiral  sculpture,  narrowly  channeled  suture,  and 
very  thick  shell  wall  that  help  to  characterize  T.  rex.  The 
only  previous  report  of  T.  rex  is  from  its  type  locality  at  Cape 
Aliaksin  (Fig.  2)  (Marincovich,  1981),  in  rocks  assigned  to 
the  Unga  Conglomerate  Member  of  the  Bear  Lake  Formation 
and  thought  to  be  of  middle  Miocene  age  (herein).  Even 
though  the  age  range  of  T.  rex  is  not  yet  well  documented, 
this  species  establishes  a tentative  and  potentially  important 
tie  between  the  Bear  Lake  faunules  of  Ukolnoi  Island  and 
Cape  Aliaksin.  An  andesite  How  overlying  the  Unga  Con- 
glomerate Member  sediments  at  Cape  Aliaksin  has  yielded 
a potassium-argon  age  of  10.4  ± 0.49  Ma  (Frederic  Wilson, 
written  communication,  1 986).  The  inferred  age  of  the  Ukol- 
noi Island  faunule  is  1 5-16  Ma  (Marincovich  and  Kase,  1986), 
based  on  the  presence  of  Turritella  ( Hataiella ) sagai.  The 
Cape  Aliaksin  sequence  is  presumed  herein  to  be  somewhat 
younger,  because  it  lacks  T.  ( H .)  sagai  and  because  the  base 
of  this  thick  sequence  is  not  exposed  and  must  lie  at  least  a 
short  stratigraphic  distance  above  the  presumably  underlying 
Stepovak  Formation.  The  Cape  Aliaksin  faunule  is  inferred 
herein  to  fall  in  age  between  the  Ukolnoi  Island  faunule  at 
15-16  Ma  and  the  overlying  Cape  Aliaksin  andesite  flow  at 


10.4  ± 0.49  Ma,  and  to  be  of  middle  Miocene  age.  Further 
study  of  Bear  Lake  faunas  from  many  localities  will  test  the 
validity  of  using  T.  rex  as  an  indicator  of  a middle  Miocene 
age. 

Class  Scaphopoda 
Family  Dentaliidae 

Dentalium  ( Rhabdus ) 
cf.  D.  ( R .)  schencki  Moore,  1964 
Figure  43 

Dentalium  (Rhabdus)  schencki  Moore,  1964:51,  pi.  31,  fig-  3. 

This  species  is  very  abundant  at  Ukolnoi  Island  localities, 
and  is  the  second  most  common  mollusk  there,  after  Tur- 
ritella ( Hataiella ) sagai.  However,  complete  specimens  of  D. 
(R.)  cf.  D.  (R.)  schencki  are  difficult  to  collect,  because  the 
shells  are  delicate  and  the  enclosing  matrix  is  coarse  and 
generally  crumbly.  The  largest  intact  specimen  is  about  60 
mm  long  and  7 mm  wide  at  its  aperture,  and  most  specimens 
in  these  collections  are  nearly  as  large.  The  shells  are  smooth 
except  for  incremental  growth  annulations,  which  are  very 
coarse  near  the  aperture  and  become  progressively  finer  to- 
ward the  posterior  end.  The  shell  is  circular  in  section  and 
the  shell  wall  is  relatively  thick. 

This  species  is  very  similar  to  D.  (R.)  schencki,  owing  to 
its  size  and  lack  of  longitudinal  sculpture,  but  imperfect  pres- 
ervation prevents  a more  confident  identification.  Dentalium 
(Rhabdus)  schencki  was  first  described  from  the  middle  Mio- 
cene fauna  of  the  Astoria  Formation  in  Oregon  (Moore,  1964), 
and  also  is  present  in  the  early  Miocene  fauna  of  the  Clallam 
Formation  in  northwestern  Washington  (Addicott,  1976). 
There  is  no  other  known  occurrence  of  Dentalium  in  the  Bear 
Lake  Formation,  and  this  is  the  first  report  of  possible  D. 
(R.)  schencki  in  Alaska.  Other  Dentalium  species  reported 
from  southern  Alaskan  Neogene  faunas  are  distinguished 
from  the  present  taxon  by  having  longitudinal  striations. 

The  absence  of  juveniles  and  the  nearly  uniform  size  of 
adults  suggests  postmortem  sorting.  Nearly  all  specimens  are 
lying  in  parallel  alignment,  which  also  suggests  that  waves 
or  currents  influenced  the  population  structure  of  D.  (R.)  cf. 
D.  (R.)  schencki  at  this  locality. 

Modern  Dentalium  species  live  in  a wide  variety  of  depths 
and  temperatures,  so  detailed  paleoecological  information 
cannot  be  inferred  for  the  Ukolnoi  Island  specimens.  How- 
ever, D.  (R.)  schencki  in  the  Astoria  Formation  is  associated 
with  inner-shelf  faunas  (Moore,  1964). 

LOCALITY  INFORMATION 

Most  of  the  specimens  are  housed  in  the  U.S.  Geological 
Survey,  Branch  of  Paleontology  and  Stratigraphy,  Menlo  Park, 
California,  except  for  a few  in  the  Natural  History  Museum 
of  Los  Angeles  County,  Invertebrate  Paleontology  Section, 
Los  Angeles,  California.  Illustrated  specimens  are  deposited 
in  the  U.S.  National  Museum  of  Natural  History,  Washing- 
ton, D.C. 
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Ail  localities  are  in  strata  of  early  middle  Miocene  age  in 
the  Bear  Lake  Formation. 

M7152.  Shoreline  exposure  on  south  shore  of  Ukolnoi 
Island,  about  120  meters  north  and  240  meters  west  of  SE 
corner  of  section  29,  T.  57  S.,  R.  81  W.,  Port  Moller  (A-5) 
quadrangle,  Alaska  Peninsula,  southwestern  Alaska;  latitude 
55°12.5'N,  longitude  161°35.8'W.  Collected  by  L.  Marin- 
covich,  Jr.  and  H.  McLean,  1977;  field  locality  77AM22; 
equivalent  to  LACMIP  locality  1 1011. 

M7153.  Same  general  locality  as  M7 1 52,  above,  but  about 
60  to  1 20  meters  southwestward  along  sea  cliff.  Collected  by 
L.  Marincovich,  Jr.,  1977;  field  locality  77AM23;  equivalent 
to  LACMIP  locality  11012. 

M7154.  Same  general  locality  as  M7 1 53,  above,  but  60  to 
120  meters  southwestward  along  sea  cliff.  Collected  by  L. 
Marincovich,  Jr.,  1977;  field  locality  77AM24;  equivalent  to 
LACMIP  locality  11013. 

M8329.  Sea  cliff  exposure  on  unnamed  peninsula  of  the 
Alaska  Peninsula  mainland  that  is  east  of  Balboa  Bay,  at 
about  183  meters  north  and  290  meters  west  of  SE  corner 
of  section  4,  T.  53  S.,  R.  73  W.,  Port  Moller  (C-2)  quadrangle, 
Alaska  Peninsula,  southwestern  Alaska;  latitude  55°3 1 ,65'N, 
longitude  160°27.83'W.  Collected  by  J.E.  Case,  1983;  field 
locality  83ACe87. 

M8331.  Same  general  locality  as  M7152,  above.  Collected 
by  J.W.  Miller,  1983;  field  locality  83AJm616;  equivalent  to 
LACMIP  locality  11014. 

M8391.  Along  same  sea  cliff  exposure  as  M8329,  above, 
but  1 83  meters  to  the  south  of  M8329;  along  southern  bound- 
ary of,  and  300  meters  west  of  SE  corner  of  section  4,  T.  53 
S.,  R.  73  W.,  Port  Moller  (C-2)  quadrangle,  Alaska  Peninsula, 
southwestern  Alaska;  latitude  55°31.60'N,  longitude 
160°27.80'W.  Collected  by  F.W.  Wilson,  1982;  field  locality 
82AWs39. 

M8894.  Same  locality  as  M7 1 52,  above;  collected  by  R.L. 
Detterman  and  M.E.  Yount,  1985;  field  locality  85AYb819. 
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EOCENE  MACROPALEONTOLOGY  OF  NORTHERN  LOCKWOOD 
VALLEY,  VENTURA  COUNTY,  CALIFORNIA 

Richard  L.  Squires1 


ABSTRACT.  The  Juncal  Formation?,  composed  mainly  of  muddy 
siltstone,  crops  out  in  northern  Lockwood  Valley  just  south  of  Mount 
Pinos,  southern  California.  Forty-six  taxa,  represented  by  one  soli- 
tary coral,  one  annelid,  one  scaphopod,  31  gastropods,  and  12  bi- 
valves have  been  recovered.  Two  new  species  are  described  and 
named:  Coccodentalium  emersoni  new  species,  the  first  record  of 
Coccodentalium  in  North  America  and  the  earliest  known  record 
anywhere  in  the  world,  and  Arene  mcleani  new  species,  the  first 
recognized  Paleogene  species  of  this  genus  on  the  West  Coast. 

Macrofossils  are  scarce,  usually  fragmented,  and  found  in  lenses 
in  the  lower  and  uppermost  parts  of  the  605-m-thick  formation.  The 
amount  of  postmortem  transport  was  not  great,  and  the  macrofossils 
are  inferred  to  have  lived  in  warm-temperate  to  subtropical  seas 
along  a protected  rocky  coast  that  extended  into  transition-zone 
depths  less  than  about  60  m.  Deposition  of  the  primarily  transgres- 
sive sequence  coincided  with  the  early  Eocene  sea-level  rise  (TE1.2 
of  Vail  and  Hardenbol,  1979). 

The  macrofossils  indicate  an  early  Eocene  age  (“Capay  Stage”) 
for  the  entire  formation.  The  molluscan  stage  range  of  the  following 
species  and  subspecies  can  now  be  extended  to  include  the  “Capay 
Stage”  based  on  the  presence  of  these  species  in  the  formation: 
Homalopoma  umpquaensis  domenginensis,  Turritella  buwaldana, 
Turritella  uvasana  hendoni  s.l.,  Xenophora  stocki,  Galeodea  (Ca- 
liagaleodea)  californica,  Trypanotoma  stocki,  Olequahia  domengi- 
nica,  Conus  caleocius,  and  Glyptoactis  (Claibomicardia)  domengi- 
nica. 

Geochronologically,  the  Juncal  Formation?  in  the  northern  Lock- 
wood  Valley  area  is  the  same  age  as  the  lower  Juncal  Formation  in 
the  Pine  Mountain  and  Whitaker  Peak  areas;  the  lower  part  of  the 
Llajas  Formation  in  the  Simi  Valley  area;  and  the  Maniobra  For- 
mation in  the  Salton  Sea  area,  all  in  southern  California.  The  Juncal 
Formation?  in  the  study  area  is  most  similar  lithostratigraphically 
to  the  lower  Juncal  Formation  in  the  Pine  Mountain  and  Whitaker 
Peak  areas. 

INTRODUCTION 

The  study  area  covers  the  thickest  and  best  exposed  western 
and  central  parts  of  the  Juncal  Formation?  in  northern  Lock- 
wood  Valley,  just  south  of  Mount  Pinos  (Figs.  1,  2)  in  south- 
ern California.  The  objective  of  this  report  is  to  provide,  for 
the  first  time,  a study  of  the  molluscan  biostratigraphy  of 
these  strata.  Based  on  the  molluscan  fossils,  refinements  in 
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the  geologic  age  and  depositional  environments  of  the  for- 
mation are  possible. 

In  the  course  of  this  study,  a new  scaphopod  and  a new 
gastropod  are  described,  and  a cassid  gastropod  that  has  af- 
finity to  an  Anglo-Paris  Basin  species  is  discussed.  New  in- 
formation on  the  biogeography  and  molluscan  stage  ranges 
of  some  of  the  taxa  are  presented. 

From  1984  through  1986,  the  geology  of  the  study  area 
was  mapped  by  the  author,  and  about  300  macrofossil  spec- 
imens were  collected  from  1 1 localities  (described  in  the 
“Localities”  section).  The  geographic  location  and  relative 
stratigraphic  position  of  each  are  shown  in  Figure  2.  Macro- 
fossils  were  found  only  in  the  lower  and  uppermost  parts  of 
the  Juncal  Formation?  and  are  confined  to  sandstone  lenses. 
Preservation  is  poor  to  fair.  Every  fossiliferous  lens  that  was 
found  was  collected  to  the  point  that  every  identifiable  spec- 
imen was  taken.  In  spite  of  such  concentrated  collecting,  the 
yield  of  specimens  was  low  due  to  the  sparsity  of  the  speci- 
mens. 

Forty-six  taxa,  two  of  which  are  new  species,  were  iden- 
tified from  the  sandstone  lenses.  Ninety-six  percent  of  the 
taxa  are  mollusks.  Taxa  identified  to  species  or  subspecies 
are  one  solitary  coral,  one  annelid,  one  scaphopod,  3 1 gas- 
tropods, and  12  bivalves.  All  species  are  illustrated  on  Fig- 
ures 4-55.  In  addition,  unidentifiable  scaphopod,  ostreid, 
and  crab-cheliped  fragments  were  found  locally. 

The  identification  of  species  studied  in  this  report  is  based 
on  published  figures  and  descriptions,  and  comparisons  with 
selected  type  and  non-type  specimens  on  deposit  at  the  Nat- 
ural History  Museum  of  Los  Angeles  County,  the  University 
of  California  Museum  of  Paleontology,  Berkeley,  and  Cali- 
fornia State  University,  Northridge. 

A stratigraphic  section  was  measured  parallel  to  the  course 
of  the  North  Fork  of  Lockwood  Creek  (Fig.  2)  by  means  of 
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Figure  1.  Index  map  showing  the  study  area  in  northern  Lockwood  Valley,  Ventura  County,  southern  California. 


a Jacob’s  staff  and  Brunton  compass.  Eight  microfossil  sam- 
ples were  taken  along  the  traverse  of  the  measured  section 
at  about  75-m  intervals,  starting  at  the  base  of  the  section. 
These  samples  were  analyzed  for  calcareous  nannofossils  and 
planktic  foraminifera  but  proved  to  be  barren  (M.V.  Filewicz, 
pers.  commun.,  1987). 

STRATIGRAPHY  AND  DEPOSITIONAL 
ENVIRONMENTS 

The  Juncal  Formation?  in  northern  Lockwood  Valley  is  605 
m thick  and  consists  predominantly  of  muddy  siltstone  with 
minor  amounts  of  sandstone  and  scattered  lenses  with  fossils 
(Fig.  2). 


The  Juncal  Formation?  represents  a transgressive  sequence 
that  was  coincident  in  time  with  a major  early  Eocene  global 
sea-level  rise,  the  TE1.2  event  of  Vail  and  Hardenbol  (1979) 
(Fig.  3).  The  uppermost  part  of  the  formation  may  reflect  a 
localized  regressive  event,  perhaps  associated  with  uplift.  The 
early  Eocene  was  also  the  warmest  interval  of  the  Cenozoic, 
and  a circum-tropical  current  contributed  to  widespread  dis- 
persal of  marine  organisms  (Squires,  1984,  1987). 

The  formation  unconformably  overlies  pre-Tertiary  gran- 
ite. The  contact  is  exposed  at  the  base  of  the  measured  section 
shown  in  Figure  2.  The  uppermost  20  cm  of  the  granite  is 
crumbly  as  if  it  had  been  weathered,  as  opposed  to  the  un- 
weathered granite  directly  beneath.  The  contact  is  an  ero- 
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Figure  2.  Geologic  map  of  the  study  area,  North  Fork  of  Lockwood  Creek,  with  CSUN  macrofossil  localities  and  measured-section  traverse 
in  the  Juncal  Formation?.  Accompanying  columnar  section  of  this  formation  shows  inferred  depositional  environments,  West  Coast  provincial 
molluscan  stage,  and  stratigraphic  position  of  each  macrofossil  locality. 


siortal  surface  with  about  10  cm  of  relief  and  is  overlain  by 
a 15-cm-thick  mudstone  layer  that  contains  scattered  fine  to 
medium,  angular  quartz  grains.  This  layer  grades  upward 
into  siltstone.  The  Juncal  Formation?  is  unconformably 
overlain  by  the  Oligocene/lower  Miocene  nonmarine  Plush 
Ranch  Formation.  Locally,  the  Eocene  outcrops  are  covered 
by  fan  conglomerate  deposits  of  the  middle  Miocene  Caliente 
Formation. 

The  vertical  distribution  of  rock  types  and  fossiliferous 
lenses,  and  the  inferred  depositional  environments,  are  shown 
in  Figure  2.  The  interbedded  muddy  siltstone,  very  fine  sand- 
stone, and  a few  lenses  of  fine  to  coarse  sandstone  in  the 
lower  250  m and  the  upper  1 00  m of  the  formation  are  similar 
to  modem  transition-zone  deposits  reported  by  Reineck  and 
Singh  (1975)  and  similar  to  Eocene  transition-zone  deposits 
reported  by  Squires  and  Yamashiro  ( 1 986)  and  Squires  (1987). 
The  lenses  of  sandstone  represent  storm-lag  accumulations. 
When  present,  the  fossil  fragments  are  near  the  bottom  of 
the  lenses,  which  may  also  contain  granite  clasts,  up  to  4 cm 
in  diameter.  The  granite  clasts  are  less  angular  in  the  upper 


part  of  the  formation.  Although  the  transported  fossils  are 
disarticulated  and  consist  mainly  of  small  fragments,  the 
distance  of  postmortem  transport  was  not  great  because  del- 
icate morphologic  parts  of  the  mollusks  do  not  show  much 
evidence  of  abrasion.  The  fossils  are  interpreted  as  indige- 
nous death  assemblages,  and,  although  transported,  they  are 
in  the  same  environment  in  which  they  lived. 

Squires  (1984)  tabulated  the  bathymetry  and  water  tem- 
perature of  extant  molluscan  genera  found  in  the  Eocene 
Llajas  Formation,  Simi  Valley,  southern  California.  Thirty- 
eight  percent  of  these  genera  are  the  same  as  those  found  in 
the  Juncal  Formation?.  These  genera  are  Architectonica,  Ca- 
lyptraea,  Conns,  Cypraea,  Galeodea,  Lyria,  Olivella,  Sinum, 
Turritella,  Xenophora,  Acila  ( Truncacila ),  Ca/lista  (Costa- 
callista ),  Corbula  ( Carvocorbula ),  Glycymeris,  Nemocar- 
dium,  and  Pitar  (Lamelliconcha).  Based  on  the  tabulated  data 
by  Squires  ( 1 984),  these  extant  genera  would  most  commonly 
occur  today  in  warm-temperate  to  tropical  seas  between  14- 
and  58-m  depths.  This  range  was  calculated  by  averaging  the 
lowest  and  highest,  most  frequently  reported  depth  ranges  of 
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the  genera.  Additional  extant  genera  in  these  deposits  also 
support  this  depth  range:  Arene,  in  the  eastern  Pacific  today, 
is  most  common  intertidally  on  rocks  and  is  confined  to 
tropical  waters  (Keen,  1971);  Bittium  is  common  in  sublit- 
toral tropical  to  boreal  waters  near  rocks  or  on  soft  bottoms 
(Keen,  1971;  McLean,  1978);  Barbatia  is  byssally  attached 
and  although  commonly  found  in  intertidal  tropical  waters 
it  may  live  in  waters  as  deep  as  65  m (Keen,  1971;  Abbott 
and  Dance,  1982);  and  Parvamussium  lives  today  in  waters 
between  18-  and  632-m  depths  (Grau,  1959). 

Homalopoma  is  mostly  found  intertidally  among  rocks 
(Abbott  and  Dance,  1982),  and  its  presence  in  the  formation 
is  in  keeping  with  an  inferred,  protected  rocky  coast  envi- 
ronment. Such  an  environment  would  account  for  the  ab- 
sence of  coarse  nearshore  deposits  at  the  base  of  the  for- 
mation. Only  muddy  siltstone  could  accumulate  if  the 
protected  rocky  coastline  extended  into  transition-zone 
depths.  A similar  paleoenvironment  was  found  by  Roush 
( 1 986)  for  a part  of  the  Eocene  Domengine  Formation  north 
of  Coalinga,  California. 

Benthic  foraminiferal  data  reinforce  the  molluscan  pa- 
leoenvironmental  data.  Three  of  the  fossiliferous  lenses 
(CSUN  Iocs.  974,  976,  and  980)  in  the  lower  part  of  the 
formation  contain  the  benthic  foraminifera  Quinqueloculina, 
which,  according  to  Murray  (1973),  lives  today  mainly  in 
temperate  and  tropical  waters  in  0-  to  40-m  depths.  The 
extinct  benthic  foraminifera  Psendophragmina  (Proporocy- 
clina)  is  rare  in  two  of  the  fossiliferous  lenses  (CSUN  Iocs. 
974,  976)  in  the  lower  part  of  the  formation.  According  to 
Vaughan  (1945),  nearly  all  recorded  species  of  American 
Discocyclinidae  were  confined  to  tropical,  subtropical,  and 
south-temperate  latitudes.  The  depth  of  water  of  such  fora- 
minifera ranged  from  near  tide  level  to  perhaps  100  m. 

Thin  beds  of  very  laminated  fine  sandstone  alternating 
with  bioturbated  fine  sandstone  are  exposed  between  180 
and  250  m above  the  base  of  the  formation,  along  the  western 
bank  of  the  North  Fork  of  Lockwood  Creek  in  the  east-central 
portion  of  section  24  (at  the  strike  and  46°  dip  symbol  shown 
on  Fig.  2).  These  strata  are  very  similar  to  modem  lower 
shoreface  deposits  reported  by  Howard  and  Reineck  (1972), 
as  well  as  by  Kumar  and  Sanders  (1976),  and  to  Eocene  lower 
shoreface  deposits  reported  by  Squires  (1981,  1983,  1984). 

The  middle  part  of  the  formation  consists  almost  entirely 
of  siltstone  with  less  than  one  percent  sandstone.  No  macro- 
fossils, microfossils,  or  sedimentary  structures  were  found. 
A slightly  deeper,  more  seaward  environment  than  the  tran- 
sition zone  is  inferred  for  these  sediments,  based  on  their 
gradational  nature  with  the  underlying  and  overlying  tran- 
sition-zone deposits. 

AGE 

The  Juncal  Formation?  in  northern  Lockwood  Valley  is  early 
Eocene  (“Capay  Stage”)  in  age  (Fig.  3).  This  age  assignment 
is  based  mainly  on  mollusks,  and  to  a lesser  degree,  on  ben- 
thic foraminifera. 

Clark  and  Vokes  (1936)  informally  proposed  five  mollus- 


can provincial  Eocene  stages:  Meganos,  Capay,  Domengine, 
Transition,  and  Tejon.  They  recognized  two  faunal  zones  in 
their  Capay  Stage.  Givens  (1974)  showed  that  their  upper 
faunal  zone  of  the  “Capay”  should  be  considered  part  of  the 
“Domengine  Stage,”  and  he  restricted  the  use  of  the  “Capay 
Stage”  to  their  lower  faunal  zone.  It  is  in  this  restricted  sense 
that  the  “Capay  Stage”  is  used  herein.  Saul  ( 1 983)  and  Squires 
( 1 984,  1987)  regarded  the  restricted  “Capay  Stage”  of  Givens 
(1974)  as  early  Eocene. 

Prior  to  this  study,  the  age  of  the  Juncal  Formation?  was 
regarded  as  middle  Eocene  (“Domengine  Stage”)  by  Kirk- 
patrick ( 1 958)  or  as  early  Eocene  (“Capay  Stage”)  by  Carman 
( 1 964)  and  Dibblee  ( 1 982).  Kirkpatrick’s  age  assignment  was 
based  on  misidentified  specimens  of  Turritella  andersoni 
lawsoni.  He  did  not  mention  at  which  of  his  localities  they 
were  present.  His  localities  were  made  along  a single  traverse 
from  north  to  south  essentially  along  the  present  author’s 
measured  section  (Fig.  2).  Kirkpatrick  mislocated  his  posi- 
tion at  the  start  of  his  traverse  because  his  localities  Y-l 
through  Y-6  plot  in  granitic  basement  rock. 

Carman’s  (1964)  and  Dibblee’s  (1982)  age  assignments 
were  based  on  the  presence  of  Turritella  andersoni  from  a 
single  locality  (equivalent  to  CSUN  loc.  974)  from  the  lower 
part  of  the  formation. 

Squires  and  Wilson  (1987)  preliminarily  reported  the  age 
of  the  Juncal  Formation?  to  be  early  Eocene  (“Capay  Stage”). 
This  age  assignment  was  based  on  the  mollusks  that  are 
documented  in  this  report. 

Evidence  for  a “Capay”  age  for  the  lower  180  m of  the 
Juncal  Formation?  is  the  joint  presence  of  taxa  whose  strati- 
graphic ranges  elsewhere  on  the  West  Coast  (California,  Or- 
egon, and  Washington)  overlap  only  within  the  “Capay  Stage.” 
Amaurellina  caleocia,  Architectonica  ( Stellaxis ) cognata,  Bit- 
tium? dumblei,  Cylichnina  tantilla,  Ectinochilus  (Macilentos) 
macilentus,  Eocernina  hannibali,  Ficopsis  remondii  crescen- 
tensis,  Callista  (Costacallista)  hornii  vokesi,  Corbula  (Cary- 
ocorbula)  dickersoni,  Glycymeris  ( Glycymerita ) sagittata,  and 
Pitar  (Lamelliconcha)  joaquinensis  have  their  lowest  strati- 
graphic position  in  the  “Capay  Stage”  (Turner,  1938;  Vokes, 
1939;  Givens,  1974;  Squires,  1984,  1987).  Turritella  ander- 
soni has  its  highest  stratigraphic  position  in  the  “Capay  Stage” 
(Merriam,  1941;  Saul,  1983;  Squires,  1984,  1987). 

Evidence  for  a “Capay”  age  for  the  uppermost  100  m of 
the  Juncal  Formation?  is  also  the  joint  presence  of  taxa  whose 
stratigraphic  ranges  elsewhere  on  the  West  Coast  overlap  only 
within  the  “Capay  Stage.”  Turritella  andersoni  is  associated 
with  Rotularia  (Rotulana)  tejonense,  Architectonica  ( Stellax- 
is) cognata,  Clavilithes  tabulatus,  Conus  remondii,  Cylichni- 
na tantilla,  Ectinochilus  ( Macilentos ) macilentus,  Eocernina 
hannibali,  Ficopsis  remondii  crescentensis,  Lyria  andersoni, 
Paraseraphs  erraticus,  Sinum  obliquum,  Pachycrommium 
clarki,  Glycymeris  (Glycymerita)  sagittata,  and  Pitar  (La- 
melliconcha) joaquinensis,  which  have  their  lowest  strati- 
graphic position  in  the  “Capay  Stage”  (Turner,  1938;  Vokes, 
1939;  Givens,  1974;  Squires,  1984,  1987).  The  uppermost 
1 00  m also  contains  Apiotoma  californiana.  which  is  confined 
to  the  “Capay  Stage”  in  the  Whitaker  Peak  area,  southern 
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Figure  3.  Correlation  of  the  Juncal  Formation?,  northern  Lockwood  Valley,  with  I)  mega-annum  (millions  of  years)  scale  (Ma),  series, 
subseries,  standard  planktic  foraminifera  zones,  calcareous  nannoplankton  zones  (all  after  Berggren  et  al.,  1985);  West  Coast  provincial 
molluscan  stages  (after  Saul,  1983);  and  global  sea-level  changes  relative  to  planktic  foraminifera  zones  (from  Vail  and  Hardenbol,  1979);  and 
II)  selected  southern  California  Eocene  formations  with  sources  of  information:  1)  Squires  and  Advocate,  1986;  Squires,  unpublished  data.  2) 
Squires,  1984.  3)  Squires,  1987.  4)  Givens,  1974. 


California,  the  only  other  place  it  has  been  found  (Squires, 
1987). 

The  molluscan  stage  range  of  certain  species  can  be  ex- 
tended into  the  “Capay  Stage”  based  on  their  presence  in  the 
Juncal  Formation?  in  Lockwood  Valley.  These  taxa  include 
Homalopoma  umpquaensis  domenginensis,  Xenophora 
stocki,  Galeodea  ( Caliagaleodea ) californica,  Trypanotoma 
stocki,  Olequahia  domenginica,  and  Conus  caleocius,  which 
were  formerly  reported  (Clark,  1929,  1942;  Vokes,  1939; 
Stewart,  1946;  Givens,  1974;  Givens  and  Kennedy,  1979; 
Squires,  1984,  1987)  as  confined  to  the  “Domengine  Stage”; 
Turritella  uvasana  hendoni  s.l.,  which  was  formerly  reported 
(Turner,  1938;  Merriam,  1941;  Weaver,  1943)  only  from  the 
middle  Eocene  Tyee  Formation  in  southwestern  Oregon; 
Glyptoactis  ( Claibornicardia ) domenginica,  which  was  for- 
merly reported  (Vokes,  1939;  Verastegui,  1953;  Givens,  1974; 
Givens  and  Kennedy,  1979;  Squires,  1984,  1987)  as  present 
only  in  the  “Domengine”  and  “Transition”  “Stages”;  and 
Turritella  buwaldana,  which  was  formerly  reported  (Mer- 
riam, 1941;  Squires,  1984,  1987)  as  ranging  stratigraphically 
from  upper  “Meganos”?,  “Capay”?,  and  “Domengine” 
through  “Tejon.”  The  definite  “Capay  Stage”  presence  of  T. 
buwaldana  is  significant  because  this  is  a very  common  and 
widely  distributed  species  in  the  Eocene  of  the  West  Coast. 

The  geologic  age  range  of  the  benthic  foraminifer  Quin- 
quelocu/ina  triangularis,  which  is  in  the  lower  1 80  m of  the 
formation  at  localities  974,  976,  and  980,  is  too  long  to  allow 
precise  age  determination.  This  species  ranges  from  late  Pa- 


leocene  through  early  Eocene  (Ynezian  through  Ulatisian 
stages)  (Mallory,  1959;  Poore,  1980). 

CORRELATION 

Suggested  time  correlations  of  the  northern  Lockwood  Valley 
Eocene  section  with  various  representative  fossiliferous 
Eocene  sections  in  southern  California  are  shown  in  Fig- 
ure 3. 

The  Eocene  section  in  northern  Lockwood  Valley  is  most 
similar  lithostratigraphically  to  the  lower  Juncal  Formation 
in  the  Pine  Mountain  and  Whitaker  Peak  areas  to  the  south 
and  southeast.  The  similarities  are  a predominantly  siltstone 
lithology  of  early  Eocene  age  (“Capay  Stage”)  and  of  shallow- 
marine  origin,  unconformably  overlying  granitic  basement. 

In  the  northern  Lockwood  Valley  area,  the  siltstone  rests 
directly  on  granitic  basement.  According  to  Givens  (1974), 
the  mudstone  facies  of  the  lower  Juncal  Formation  in  upper 
Hot  Springs  Canyon,  Pine  Mountain  area,  is  also  in  direct 
contact  with  the  granitic  basement.  Similarly,  the  siltstone 
in  the  lower  Juncal  Formation  in  the  Whitaker  Peak  area 
locally  is  separated  from  the  granitic  basement  by  only  a 
meter  or  so  of  nearshore  sandstone.  Based  on  these  similar- 
ities, the  Eocene  section  in  the  study  area  is  tentatively  as- 
signed to  the  Juncal  Formation. 

The  Paleogene  Pattiway  Formation  in  the  Cuyama  Bad- 
lands-Caliente  Range  area,  30  km  to  the  northwest  of  the 
study  area,  resembles  the  Lockwood  Valley  section  in  being 
overlain  by  the  Caliente  Formation.  However,  there  are  im- 
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portant  differences.  The  Lockwood  Valley  section  is  distin- 
guished from  the  Pattiway  Formation  by  1 ) much  finer  grained 
texture  overall  with  no  sandstone/conglomerate  upper  part 
(see  Sierveld,  1957);  2)  presence  of  macrofossils  (none  has 
been  reported  in  the  Pattiway  Formation);  and  3)  presence 
of  the  overlying  Plush  Ranch  Formation  rather  than  the 
Simmler  Formation.  The  age  of  the  Pattiway  Formation  also 
is  uncertain.  Based  on  benthic  foraminifera  from  a well  drilled 
in  its  lower  part  in  the  Caliente  Range,  it  is  questionably 
assigned  to  the  Paleocene  (Hill  et  al.,  1958). 

SYSTEMATIC  MATERIALS 
Systematic  arrangement  of  the  generic  and  higher  taxonomic 
categories  follows  that  of  Wells  (1956)  for  the  coral;  Clark 
(1969)  for  the  annelid;  Palmer  (1974)  for  the  scaphopods; 
Cox  et  al.  (1969)  and  Vokes  (1980)  for  the  bivalves;  and 
generally  Wenz  (1938-1944)  for  the  gastropods. 

The  figured  specimens  are  on  deposit  in  the  Natural  His- 
tory Museum  of  Los  Angeles  County,  Invertebrate  Paleon- 
tology Section  (LACMIP).  Additional  unfigured  specimens 
are  deposited  at  the  University  of  California  Museum  of 
Paleontology,  Berkeley  (UCMP)  or  in  the  Department  of 
Geological  Sciences,  paleontology  collection,  California  State 
University,  Northridge  (CSUN). 

The  original  author  and  reference  are  given  for  each  species 
or  subspecies.  Also  included  are  molluscan  stage  range,  geo- 
graphic distribution,  local  occurrence,  and  remarks.  The  mol- 
luscan stages  are  for  the  West  Coast  (California,  Oregon,  and 
Washington),  and  they  are  from  Clark  and  Vokes  ( 1 936)  and 
Weaver  et  al.  ( 1 944),  with  refinements  made  by  Givens  ( 1974) 
and  Saul  (1983).  The  stage  names  are  provisional,  hence  they 
are  placed  in  quotation  marks.  New  stage  ranges  that  are  the 
result  of  this  study  are  mentioned  under  the  “Remarks”  for 
each  species  or  subspecies.  Authors  of  familial,  generic,  and 
subgeneric  names,  type  species,  synonymies,  and  primary 
type  material  of  nearly  all  these  species  or  subspecies  can  be 


found  in  Givens  ( 1 974)  and  Squires  ( 1 984,  1 987).  For  those 
few  taxa  that  are  not  included  therein,  synonymies  and  pri- 
mary type  material  are  given  in  this  present  report. 

Abbreviations  used  for  catalog  and/or  locality  numbers 
are: 

CSUN:  California  State  University,  Northridge. 

LACMIP:  Natural  History  Museum  of  Los  Angeles  County, 
Invertebrate  Paleontology  Section. 

UCMP:  University  of  California  Museum  of  Paleontology, 
Berkeley. 

SYSTEMATICS 
Phylum  Coelenterata 
Class  Anthozoa 
Order  Scleractinia 
Family  Caryophylliidae 

Trochocyathus  (P/atycyathus)  grahami 
(Durham,  1943) 

Figure  4 

Platycyathus  grahami  Durham,  1943:200-201,  pi.  32,  figs. 
12,  14. 

Primary  Type  Material.  UCMP  holotype  30097,  “Mar- 
tinez? Stage,”  NW  ‘A,  sec.  8,  T 15  S,  R 12  E,  Chounet  Ranch 
7. 5-minute  quadrangle  (=  Tierra  Loma  quadrangle),  Fresno 
County,  California. 

Molluscan  Stage  Range.  “Martinez”?,  “Meganos”?,  “Ca- 
pay.” 

Geographic  Distribution.  Northern  Lockwood  Valley 
through  north-central  California. 

Local  Occurrence.  CSUN  locality  987. 


Figures  4-25.  Northern  Lockwood  Valley  Eocene  solitary  coral,  annelid,  scaphopod,  archaeogastropods,  and  mesogastropods.  Fig.  4-8. 
Solitary  coral,  annelid,  and  scaphopod.  4.  Trochocyathus  (Platycyathus)  grahami  (Durham,  1943),  dorsal  view,  x2.6,  greatest  diameter  16 
mm,  LACMIP  hypotype  768,  CSUN  locality  987.  5-6.  Rotularia  ( Rotularia ) tejonense  (Arnold,  1910),  LACMIP  hypotype  7689,  CSUN 
locality  984.  5.  Umbilical  view,  x4.3,  greatest  diameter  6 mm.  6.  Side  view,  x 5.2,  height  2.5  mm.  7-8.  Coccodentalium  emersoni  new  species, 
LACMIP  holotype  7690,  CSUN  locality  979.  7.  Longitudinal  view,  x4.1,  length  16  mm.  8.  Oral  view,  x6.5,  diameter  2 mm.  Fig.  9-13. 
Archaeogastropods.  9-11.  Arene  mcleani,  new  species,  CSUN  localaity  983.  9.  Apertural  view,  x8,  height  3 mm,  width  3 mm,  LACMIP 
paratype  7692.  10.  Oblique  umbilical  view,  x6.8,  height  3.5  mm,  width  4.5  mm,  LACMIP  holotype  7691.  11.  Abapertural  view,  x6,  height 
4 mm,  width  5 mm,  LACMIP  paratype  7693.  12-13.  Homalopoma  umpquaensis  domenginensis  Vokes,  1939,  x4.8,  height  7.5  mm,  width 
6.5  mm,  LACMIP  hypotype  7694,  CSUN  locality  979.  12.  Apertural  view.  13.  Abapertural  view.  Figs.  14-25.  Mesogastropods.  14.  Turritella 
andersoni  Dickerson,  1916,  side  view,  x4.3,  height  10  mm,  width  4 mm,  LACMIP  hypotype  7695,  CSUN  locality  979. 15.  Turritella  buwaldana 
Dickerson,  1916,  abapertural  view,  x4.7,  height  10  mm,  width  5 mm,  LACMIP  hypotype  7696,  CSUN  locality  981.  16.  Turritella  uvasana 
hendoni  s.l.  Merriam,  1941,  apertural  view,  x 2.4,  height  16  mm,  width  10  mm,  LACMIP  hypotype  7697,  CSUN  locality  987. 17 . Architectonica 
(Stellaxis)  cognata  Gabb,  1864,  dorsal  view,  x2.3,  greatest  diameter  14.5  mm.  LACMIP  hypotype  7698,  CSUN  locality  983.  18.  Bittiuml 
dumblei  (Dickerson,  1916),  abapertural  view,  x2,  height  22  mm,  width  4 mm,  LACMIP  hypotype  7699,  CSUN  locality  979.  19.  Calyptraea 
diegoana  (Conrad,  1855),  side  view,  x2.7,  height  8 mm,  width  14  mm,  LACMIP  hypotype  7700,  CSUN  locality  983.  20.  Xenophora  stocki 
Dickerson,  1916,  abapertural  view,  x4.5,  height  5.5  mm,  width  9 mm,  LACMIP  hypotype  7701,  CSUN  locality  979.  21.  Ectinochilus 
(Macilentos)  macilentus  (White,  1889),  apertural  view,  x 1 .7,  height  27  mm,  width  12  mm,  LACMIP  hypotype  7702,  CSUN  locality  987.  22. 
Paraseraphs  erraticus  (Cooper,  1894),  apertural  view,  x2.3,  height  19.5  mm,  width  4.5  mm,  LACMIP  7703,  CSUN  locality  981.  23.  Cypraea 
species  indeterminate,  abapertural  view,  xl.5,  height  24  mm,  width  17  mm,  LACMIP  hypotype  7704,  CSUN  locality  984.  24.  Eocernina 
hannibali  (Dickerson,  1914),  apertural  view,  x 1.1,  height  35  mm,  width  33  mm,  LACMIP  hypotype  7705,  CSUN  locality  984.  25.  Pachy- 
crommium  clarki  (Stewart,  1927),  apertural  view,  x 1,  height  44  mm,  width  33  mm,  LACMIP  hypotype  7706,  CSUN  locality  987. 
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Remarks.  Only  a single  large  specimen  (greatest  diameter 
16  mm)  was  found,  and  it  is  a deeply  weathered  disk-shaped 
corallum. 

Vaughan  and  Wells  (1943)  and  Wells  (1956)  included 
Platycyathus  as  a subgenus  of  Trochocyathus. 

Platycyathus ? sp.  Durham  (1942:92)  from  the  upper  Oli- 
gocene  Blakeley  Formation,  Kitsap  County,  Washington,  is 
the  only  other  species  of  this  subgenus  recognized  from  the 
West  Coast  Tertiary. 

Previously,  Platycyathus  had  not  been  reported  as  ranging 
stratigraphically  into  the  “Capay  Stage.” 

Phylum  Annelida 

Class  Polychaeta 

Order  Sabellida 

Family  Serpulidae 

Rotularia  ( Rotularia ) tejonense 
(Arnold,  1910) 

Figures  5,  6 

Spiroglyphusl  tejonensis  Arnold,  1910:51,  pi.  4,  fig.  18. 

Not  Spiroglyphusl  tejonensis  Arnold.  Dickerson,  1 9 1 6:pl.  37, 

figs.  5a-b. 

Molluscan  Stage  Range.  “Capay”  through  “Transition." 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  CSUN  localities  975(7),  984. 

Remarks.  Only  two  specimens  were  found,  and  preser- 
vation is  poor.  The  figured  specimen  shows  remnants  of  the 
external  sculpture  with  its  diagnostic  raised  carina  adjacent 
to  the  suture  on  the  dorsal  and  umbilical  sides  of  the  tube 
as  well  as  the  tricarinate  lateral  portion  of  the  tube. 

An  examination  of  all  the  figured  specimens  listed  in  Keen 
and  Bentson  (1944)  for  R.  (R.)  tejonensis  revealed  that  UCMP 
hypotype  11814,  figured  by  Dickerson  ( 1 9 1 6:pl.  37,  figs.  Sa- 
bi without  locality  data,  is  not  a Rotularia.  It  is  a partial 
internal  mold  of  Vitrinella,  based  on  its  low-rounded  shape, 
prominent  umbilicus,  and  large  aperture.  The  shell  remnants 
on  the  posterior  portion  of  the  body  whorl  show  only  fine 
growth  lines  and  no  carinae. 

Rotularia  (R. ) tejonense  is  closely  allied  to  R.  (R. ) capay- 
ensis  Merriam  and  Turner  (1937: 106,  pi.  5,  figs.  10-1 1)  from 
the  lower  Eocene  Capay  Formation  in  Capay  Valley,  north- 
ern California.  Rotularia  (R.)  tejonense  differs  from  the  ho- 
lotype  of  R.  (R.)  capayensis  in  having  a raised  carina  adjacent 
to  the  suture  on  the  dorsal  and  umbilical  sides  of  the  tube. 
On  the  holotype  of  R.  (R.)  capayensis.  there  is  a carina  ad- 
jacent to  the  suture  on  the  dorsal  side  (the  umbilical  side  is 
buried  in  matrix),  but  it  varies  from  being  only  slightly  raised 
to  slightly  sunken  below  the  level  of  the  carina  on  the  pe- 
riphery of  the  tube.  In  addition,  although  the  holotype  of  R. 
(R.)  capayensis  has  a tricarinate  lateral  portion  on  most  of 
its  tube,  there  are  four  carinae  on  the  dorsal  lateral  portion 
of  the  tube.  It  is  possible  that  R.  (R.)  tejonense  and  R.  (R.) 
capayensis  are  the  same  species,  but  more  specimens  of  R. 


(R.)  capayensis  are  needed  in  order  to  make  this  determi- 
nation. The  paratype  (UCMP  33699)  of  R.  (R.)  capayensis 
is  difficult  to  use  for  comparative  studies  because  it  is  sub- 
helical and  irregularly  twisted. 

Rotularia  (R. ) tejonense  is  markedly  different  from  R.  (R.) 
tinajaensis  Hanna  and  Hertlein  (1941:170,  figs.  62-5,  62-12) 
from  lower?  or  middle?  Eocene  strata  in  the  Devils  Den  area, 
Kern  County,  California.  Rotularia  (R.)  tinajaensis  has  a very 
laterally  extended  thin  keel  on  the  tube.  There  is  a raised 
area  on  the  slope  of  both  sides  of  this  keel,  but  these  raised 
areas  are  not  extended  laterally  like  the  keel.  Rotularia  ( R .) 
tinajaensis  has  a tricarinate  keel  in  the  broad  sense,  but  the 
lateral  portion  of  the  tube  is  dominated  by  the  extended  keel. 

Phylum  Mollusca 
Class  Scaphopoda 
Order  Dentalioida 
Family  Dentaliidae 

Coccodentalium  emersoni  new  species 

Figures  7,  8 

Diagnosis.  Interspaces  between  noded  longitudinal  pri- 
mary ribs  with  only  one  unnoded  secondary  rib  of  uniform 
size. 

Comparison.  Coccodentalium  emersoni  new  species  is  most 
similar  to  Coccodentalium  radula  (Schroter,  1784:530;  Sac- 
co, 1897:1  1 1,  pi.  10,  figs.  7-15;  Emerson,  1962:pl.  77,  fig.  6) 
from  upper  Miocene  (Tortonian  Stage)  deposits  of  the  Lig- 
uria-Piedmont basin,  northern  Italy  (Sacco,  1897:1  1 1;  Pils- 
bryand  Sharp,  1 897-1 898:xxxii;  Davies,  1975:table  1).  Coc- 
codentalium emersoni  new  species  differs  from  C.  radula.  the 
type  species  of  Coccodentalium,  in  the  following  features: 
secondary  ribs  in  interspaces  between  the  longitudinal  pri- 
mary ribs  more  constant  in  strength  and  uniform  in  size  and 
not  tending  to  become  like  primary  ribs;  secondary  ribs  not 
noded;  and  no  tertiary  ribs  in  interspaces.  These  comparisons 
were  based  on  two  specimens  of  C.  radula  from  UCMP  lo- 
cality B-1840  (upper  Miocene,  type  Tortonian,  northern  It- 
aly). 

Coccodentalium  emersoni  new  species  resembles  Denta- 
lium  callioglyptum  Pilsbry  and  Sharp  (1897:466,  468,  pi.  10, 
figs.  10,  12;  pi.  1 1,  fig.  21)  and  D.  tryoni  Pilsbry  and  Sharp 
(1897:468-469,  pi.  10,  figs.  5,  9;  pi.  1,  fig.  22)  from  upper 
Oligocene  deposits  of  San  Domingo,  West  Indies.  The  San 
Domingo  species,  however,  have  many  more  longitudinal 
ribs  (44  to  65  in  D.  callioglyptum  and  33  to  66  in  D.  tryoni ) 
and  the  ribs  and  nodes  are  not  as  coarse  as  in  C.  emersoni 
new  species. 

Description.  Small  in  size  (total  length  unknown,  but  par- 
tial length  16  mm,  greatest  diameter  2 mm),  slightly  curved 
but  untwisted,  tubular  shell  open  at  both  ends,  tapering  pos- 
teriorly (diameter  1 mm),  circular  in  cross  section.  Tube  wall 
thickens  posteriorly.  Tube  sculptured  with  12  straight  lon- 
gitudinal ribs  crossed  by  circular  lamellae  that  form  nodes 
at  the  intersections,  producing  a cancellate  pattern.  Inter- 
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spaces  between  longitudinal  ribs  with  a single  unnoded  sec- 
ondary rib. 

Primary  Type  Material.  LACMIP  holotype  7690,  Juncal 
Formation?,  northern  Lockwood  Valley,  CSUN  locality  979. 

Type  Locality.  CSUN  locality  979. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Northern  Lockwood  Valley, 
southern  California. 

Local  Occurrence.  CSUN  locality  979. 

Remarks.  Only  a single  specimen  was  found,  but  it  shows 
fairly  good  preservation.  The  specimen  is  slightly  crushed 
near  the  middle  of  the  shell. 

Palmer  (1974)  elevated  Coccodentalium  to  the  full  generic 
level.  Ludbrook  (1960)  reported  Coccodentalium  as  ranging 
from  the  middle  Eocene  (Europe  and  East  Indies)  through 
Recent  (East  Indies).  Emerson  (1962)  reported  it  as  ranging 
from  Eocene  through  Recent,  but  in  his  text-figure  2 he  showed 
it  only  as  an  Eocene  taxon.  Pilsbry  and  Sharp  (1897-1898) 
considered  Coccodentalium  as  ranging  from  the  late  Miocene 
through  Recent  and  probably  originating  from  Dentalium 
callioglyptum. 

Coccodentalium  emersoni  new  species  is  the  first  report  of 
Coccodentalium  in  North  America,  and  the  earliest  known 
report  of  Coccodentalium  anywhere  in  the  world. 

Etymology.  This  species  is  named  for  Dr.  William  K. 
Emerson,  Curator  of  Mollusks,  American  Museum  of  Nat- 
ural History,  in  recognition  of  his  valuable  work  on  scaph- 
opods. 

Class  Gastropoda 
Order  Archaeogastropoda 
Family  Liotiidae 

Arene  mcleani  new  species 

Figures  9-1 1 

Diagnosis.  Moderately  elevated  spire,  strongly  beaded  (al- 
most noded)  bicostate  body  whorl,  and  two  (rarely  three) 
weaker  spiral  ribs  posterior  to  the  bicostate  spiral  ribs. 

Comparison.  Arene  mcleani  new  species  is  similar  to  Arene 
tricostata  (Conrad,  1835:50,  pi.  17,  fig.  10;  Palmer,  1 937:37— 
38,  pi.  4,  figs.  5,  8,  12;  pi.  78,  fig.  7;  Palmer  and  Brann,  1965: 
398-399;  Dockery,  1980:75,  pi.  30,  figs.  2A-C,  3)  from  mid- 
dle Eocene  formations  in  the  Atlantic-Gulf  Coastal  Plain  area 
(Palmer  and  Brann,  1966;  Dockery,  1980).  Arene  mcleani 
new  species  differs  from  A.  tricostata  in  the  following  features: 
more  strongly  angulated  whorl  profile,  bicostate  rather  than 
tricostate  body  whorl,  two  (rarely  three)  rather  than  one  spiral 
ribs  posterior  to  the  bicostate  ribs  on  the  body  whorl,  more 
strongly  beaded  (almost  noded)  spiral  ribs  on  the  body  whorl, 
and  no  spiral  riblets  in  interspaces  between  spiral  ribs  on 
base  of  body  whorl. 

Description.  Shell  very  small  in  size  (height  4 mm),  conical- 
turbiniform,  four  angulate  whorls  with  tabulate  shoulder  and 
sunken  suture.  Interior  nacreous.  Protoconch  naticiform, 
smooth  (two  whorls).  Antepenultimate  whorl  with  two  spiral 
riblets  crossed  by  numerous  collabral  riblets,  posteriormost 


spiral  riblet  minutely  beaded.  Penultimate  whorls  with  three 
beaded  spiral  ribs,  anteriormost  rib  most  prominent,  and  all 
crossed  by  growth  lines.  Posterior  half  of  body  whorl  with 
four  (rarely  five),  beaded  spiral  ribs;  the  two  anteriormost  of 
these  ribs  form  carinae.  One  to  two  minutely  beaded  spiral 
riblets  may  be  in  interspaces  between  the  carinae,  as  well  as 
between  the  posteriormost  carina  and  the  spiral  rib  posterior 
to  it.  Base  of  body  whorl  somewhat  flattened  with  three  bead- 
ed spiral  ribs;  the  anteriormost  rib  borders  the  umbilicus. 
Spiral  ribs  on  body  whorl  crossed  by  growth  lines,  which  on 
well-preserved  specimens  are  fairly  strongly  developed.  Ap- 
erture circular.  Outer  lip  thick  with  a low  varix.  Columellar 
lip  and  outer  lip  not  in  same  plane.  Umbilicus  plugged  with 
matrix. 

Primary  Type  Material.  LACMIP  holotype  7691,  LAC- 
MIP paratypes  7692  and  7693,  Juncal  Formation?,  northern 
Lockwood  Valley,  CSUN  locality  983. 

Type  Locality.  CSUN  locality  983. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Northern  Lockwood  Valley, 
southern  California. 

Local  Occurrence.  CSUN  localities  974  and  983. 

Remarks.  Fourteen  specimens  were  found  at  locality  983. 
Six  are  internal  molds,  five  are  fragments  of  body  whorls, 
and  three  are  well  preserved.  A single  fragment  of  a body 
whorl  was  found  at  locality  974. 

Arene  tricostata  (Conrad)  was  assigned  to  Solariella  by 
Palmer  (1937)  and  Dockery  (1980).  Dali  (1892),  however, 
had  assigned  the  species  to  Liotia,  which  is  in  the  same  family 
as  Arene  and  very  closely  related  to  Arene.  Palmer  (1937) 
maintained  that  Conrad’s  species  lacked  the  distinctive  thick- 
ened outer  lip  of  Liotia.  In  Dockery  (1980:pl.  30,  fig.  3),  one 
of  the  illustrated  specimens  of  this  species,  however,  does 
show  the  thickened  outer  lip.  Based  on  this  specimen,  it 
would  seem  that  Dali  ( 1 892)  was  correct,  but  due  to  the  lack 
of  well-developed  collabral  costae  on  Conrad’s  species  it  still 
should  be  assigned  to  Arene  rather  than  Liotia. 

Keen  and  Johnson  (1960)  reported  Arene  as  ranging  from 
Miocene  through  Recent.  McLean  (pers.  commun.,  1987), 
who  is  presently  working  on  a much-needed  worldwide  re- 
view of  Arene  with  an  emphasis  on  modern  species,  has 
recognized  a few  Late  Mesozoic  and  Paleogene  species.  Arene 
mcleani  new  species  is  the  first  recognized  Paleogene  report 
of  this  genus  on  the  West  Coast. 

Arene  mcleani  new  species  may  also  be  present  in  the 
Capay  Formation  at  its  type  section  in  Smith  Canyon,  near 
Capay,  northern  California.  Two  specimens  that  closely  re- 
semble A.  mcleani  new  species  from  UCMP  locality  A- 1 3 1 3 
have  three  beaded  spiral  ribs  on  the  penultimate  whorl  and 
four  beaded  spiral  ribs  on  the  posterior  halfof  the  body  whorl, 
but  the  critically  important  apertural  areas  on  both  specimens 
are  not  preserved.  These  two  specimens  are  undoubtedly  the 
ones  that  Bentson  (1941:528,  pi.  11,  fig.  3)  referred  to  as 
Solariella  new  species  A from  the  type  section  of  the  Capay 
Formation.  A label  in  the  box  that  contains  these  two  spec- 
imens refers  to  them  as  “n.  sp.  A”  and  the  description  in  her 
dissertation  generally  agrees  with  their  morphology.  A one- 
day  visit  to  UCMP  locality  A- 1313  did  not  reveal  any  more 
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specimens,  but  future  collecting  in  “Capay  Stage”  strata  in 
northern  California  may  prove  that  A.  mcleani  new  species 
ranged  that  far  north. 

Etymology.  The  species  is  named  for  Dr.  James  H.  McLean, 
Curator  of  Malacology,  Natural  History  Museum  of  Los  An- 
geles County,  in  recognition  of  his  important  contributions 
to  the  study  of  archaeogastropods. 

Family  Turbinidae 

Homa/opoma  umpquaensis  domenginensis 
Vokes,  1939 
Figures  12,  13 

Homalopoma  umpquaensis  domenginensis  Vokes,  1 939: 1 79- 

180,  pi.  22,  fig.  27. 

Primary  Type  Material.  UCMP  holotype  1 5872,  Domen- 
gine  Formation,  UCMP  locality  672. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  Northern  Lockwood  Valley 
through  central  California. 

Local  Occurrence.  CSUN  locality  979. 

Remarks.  Only  a single  specimen  was  found,  but  it  shows 
good  preservation,  especially  in  the  interior  of  the  aperture. 
The  apertural  details  of  this  subspecies  are  illustrated  for  the 
first  time  in  Figure  12. 

The  specimen  from  the  northern  Lockwood  Valley  is  better 
preserved  in  the  apertural  region  and  shows  a more  mature 
growth  stage  than  that  of  the  holotype.  Supplementary  com- 
ments on  the  morphology  of  this  subspecies,  therefore,  are 
given  below.  Over  the  surface  of  the  teleoconch,  the  spiral 
ribs  and  their  interspaces  are  crossed  by  oblique  lines.  These 
growth  lines  are  not  in  the  same  plane  as  the  columella. 
Where  the  spiral  ribs  are  crossed  by  these  growth  lines,  mi- 
nute nodes  are  present.  The  spiral  rib  anterior  to  the  suture 
(i.e.,  the  first  rib)  and  the  fifth,  sixth,  and  eighth  ribs  tend  to 
be  slightly  stronger  than  the  others,  but  the  strength  of  de- 
velopment of  each  is  variable.  There  are  nine  (rather  than 
six)  secondary  spiral  ribs  on  the  base  of  the  body  whorl,  and 
these  ribs  are  also  noded.  There  is  a large  node  at  the  flared 
base  of  the  columella  and  a swollen,  elongated  area  next  to 
it  that  tapers  in  the  direction  of  the  outer  lip  (Fig.  12). 

Previously,  this  subspecies  had  not  been  reported  as  rang- 
ing stratigraphically  into  the  “Capay  Stage”  or  geographically 
as  far  south  as  northern  Lockwood  Valley. 

Order  Mesogastropoda 
Family  Turritellidae 

Turritella  andersoni  Dickerson,  1916 

Figure  14 

Turritella  andersoni  Dickerson,  1916:501-502,  pi.  42,  figs. 

9a-b. 


Molluscan  Stage  Range.  “Meganos”?,  “Capay.” 

Geographic  Distribution.  Orocopia  Mountains,  southern 
California  through  southwestern  Oregon.  Weaver  (1937:29) 
reported  T.  andersoni  (no  specimens  listed  or  illustrated) 
from  Victoria,  British  Columbia. 

Local  Occurrence.  CSUN  localities  976,  978(2),  979,  983, 
987,  984. 

Remarks.  Fourteen  specimens  were  found  at  locality  987 
and  at  locality  979;  four  specimens  were  found  at  locality 
984.  At  the  other  localities  only  single  specimens  were  found. 
Preservation  is  generally  good,  with  excellent  preservation 
at  localities  979  and  987.  Most  specimens  are  upper  spire 
fragments  usually  less  than  20  mm  in  height,  especially  at 
locality  979.  At  locality  987,  a few  fragments  of  mature  whorls 
are  up  to  30  mm  in  height. 

The  specimens  show  the  characteristic  whorl  profile  that 
is  shallowly  concave  medially  between  a strong  anterior  spiral 
rib  and  two  weaker,  closely  spaced  and  noded  posterior  pri- 
mary spiral  ribs.  A third,  noded  but  even  weaker  primary 
spiral  rib  is  present  medially  between  the  anterior  and  pos- 
terior primaries.  A secondary  rib  is  present  between  this 
medial  primary  and  the  anteriormost  of  the  two  posterior 
primaries.  Tertiary  threads  are  present  between  the  various 
primary  ribs. 

The  report  of  T.  andersoni  in  the  northern  Orocopia  Moun- 
tains in  southern  California  is  based  on  work  in  progress  in 
the  lower  Eocene  Maniobra  Formation,  in  Riverside  County. 

Turritella  buwaldana  Dickerson,  1916 

Figure  15 

Turritella  buwaldana  Dickerson,  1916:500-501,  pi.  42,  figs. 

7a-b. 

Molluscan  Stage  Range.  Upper  “Meganos”?,  “Capay” 
through  “Tejon.” 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  CSUN  localities  974,  978,  979,  980, 
983,  987(7),  984(?),  981. 

Remarks.  Seventeen  specimens  were  found  at  locality  979, 
six  specimens  were  found  at  locality  981,  and  three  were 
found  at  locality  983.  At  the  other  localities  only  one  or  two 
specimens  were  found.  Preservation  is  generally  good.  Spec- 
imens are  upper  spire  fragments  usually  less  than  15  mm  in 
height. 

The  specimens  have  five  primary  spiral  ribs  on  flat-sided 
whorls.  There  can  be  up  to  three  tertiary  spiral  ribs  in  the 
interspaces.  The  posterior  three  primary  ribs  can  be  minutely 
noded,  and  they  are  not  as  strong  as  the  other  two  primary 
ribs.  Usually,  the  posteriormost  primary  rib  is  the  weakest, 
except  on  specimens  from  locality  979  where  the  posterior 
three  primary  ribs  are  of  equal  strength.  This  variability  in 
sculpture  is  not  unusual  for  this  species.  Merriam  (1941:86- 
87)  mentioned  similar  variability  in  his  discussion  of  T.  bu- 
waldana. 
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Previously,  this  species  had  not  been  reported  with  cer- 
tainty as  ranging  stratigraphically  into  the  “Capay  Stage.” 

Turritellci  uvasana  hendoni  s.l. 

Merriam,  1941 

Figure  16 

Turritella  uvasana  Conrad.  Dickerson,  1914:1 15.  Arnold  and 
Hannibal,  1913:572. 

Turritella  uvasana  hendoni  Merriam,  1 94 1 :9 1—93,  pi.  17,  figs. 
1-9.  Turner,  1938:84,  pi.  21,  figs.  7,  12-16.  Weaver,  1943: 
366-367,  pi.  74,  figs.  1,  6. 

Turritella  uvasana  hendoni  var.  A Turner,  1938:84,  pi.  22, 
figs.  11,  14.  Weaver,  1943:367,  pi.  74,  fig.  2. 

Turritella  uvasana  hendoni  var.  B Turner,  1938:85,  pi.  22, 
figs.  7,  10,  12-13.  Weaver,  1943:367,  pi.  74,  fig.  21. 

Primary  Type  Material.  UCMP  holotype  33298,  UCMP 
paratypes  33290-33293,  upper  Umpqua  Formation,  UCMP 
locality  A-662. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Northern  Lockwood  Valley, 
southern  California  through  southwestern  Oregon. 

Local  Occurrence.  CSUN  localities  984(7),  987. 

Remarks.  Three  specimens  were  found  at  locality  987,  and 
a single  specimen  was  found  at  locality  984.  The  specimens 
are  fragments  of  mature  whorls  up  to  15  mm  in  height,  and 
preservation  is  poor  except  for  the  figured  specimen  (Fig.  16). 
The  specimens  have  convex  whorls  with  seven  equal-strength, 
primary  spiral  ribs  and  tertiary  threads  in  the  interspaces. 
The  posterior  rib  is  set  apart  form  the  others  by  a wide  space. 

Turner’s  (1938)  usage  of  “variety”  in  this  taxon  is  to  be 
regarded  as  of  infrasubspecific  rank  because  it  is  a variety  of 
a subspecies.  Infrasubspecific  categories  are  excluded  from 
the  provisions  of  the  International  Code  of  Zoological  No- 
menclature (1985,  Art.  45c). 

Merriam  (1941)  reported  that  this  subspecies  shows  the 
greatest  variability  in  morphology  of  all  the  members  of  the 
T.  uvasana  group.  The  variant  referred  to  as  “variety  A”  by 
Turner  (1938)  and  Weaver  (1943)  from  the  middle  Eocene 
Tyee  Formation,  southwestern  Oregon,  is  closest  in  form  to 
the  specimens  from  the  northern  Lockwood  Valley  area. 
Merriam  (1941:93)  noted  that  this  particular  variant  may 
warrant  a separate  subspecies  designation. 

Previously,  T.  uvasana  hendoni  had  not  been  reported  geo- 
graphically as  far  south  as  southern  California,  and  the  vari- 
ant referred  to  as  “variety  A”  by  Turner  (1938)  and  Weaver 
(1943)  had  not  been  reported  ranging  stratigraphically  into 
the  “Capay  Stage.” 

Family  Architectonicidae 

Architectonic  a ( Stellaxis ) cognat  a 
Gabb,  1864 
Figure  17 

Architectonica  cognata  Gabb,  1864:1 17,  pi.  20,  figs.  72,  72a, 
72c;  not  72b,  72d,  and  72e  as  stated. 


Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  CSUN  localities  979,  983,  984. 
Remarks.  Only  three  specimens  were  found  with  diameters 
ranging  from  13  to  19  mm.  Preservation  is  generally  good. 

Family  Cerithiidae 

Bittiuml  dwnblei  (Dickerson,  1916) 

Figure  18 

Cerithiopsis alternata Gabb,  1864:1 16,  pi.  21,  figs.  1 14-1  14a. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  CSUN  locality  979. 

Remarks.  Only  a single  specimen  was  found,  but  the  sculp- 
ture is  well  preserved.  Typically  in  this  species,  there  is  only 
one  fine  spiral  thread  between  the  four  primary  spiral  ribs. 
On  this  particular  specimen,  the  number  of  fine  spiral  threads 
between  the  posterior  two  primary  ribs  increases  with  ma- 
turity, from  one  to  three.  There  are  two  varices  per  whorl. 

Family  Calyptraeidae 
Calyptraea  diegoana  (Conrad,  1855) 

Figure  19 

Trochita  diegoana  Conrad,  1855:7,  17;  1857:327,  pi.  5,  fig. 
42. 

Molluscan  Stage  Range.  “Martinez”  through  lower  Oli- 
gocene. 

Geographic  Distribution.  San  Diego,  California  through 
Washington. 

Local  Occurrence.  CSUN  localities  979,  981,  983,  984. 
Remarks.  Three  specimens  were  found  at  locality  98 1 , but 
only  single  specimens  were  found  at  the  other  localities. 

Family  Xenophoridae 

Xenophora  stocki  Dickerson,  1916 

Figure  20 

Xenophora  stocki  Dickerson,  1916:502-503,  pi.  37,  figs. 
4a-b. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  San  Diego  through  northern 
Lockwood  Valley,  southern  California. 

Local  Occurrence.  CSUN  localities  974,  979,  984. 
Remarks.  Poorly  preserved,  single  specimens  were  found 
at  each  locality.  The  specimen  at  locality  979  has  the  best 
preservation  (Fig.  20)  and  shows  the  medially  shouldered 
whorls  with  the  elongate,  wavy  nodes  that  are  characteristic 
of  this  species.  The  specimen  also  shows  imprints  of  other 
shells  that  were  once  attached  to  its  shell.  Previously,  this 
species  was  known  only  to  attach  pebbles  to  its  shell,  but  the 
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Lockwood  Valley  specimen  at  locality  979  shows  that  shells 
were  attached.  A reexamination  of  X.  stocki  specimens  from 
the  “Stewart  bed”  of  the  Llajas  Formation,  Simi  Valley, 
southern  California  (Squires,  1984)  also  revealed  imprints  of 
shells  that  had  been  attached. 

The  Lockwood  Valley  specimens  also  show  remnants  of 
many  closely  spaced,  fine  spiral  ribs  on  the  flat  base  of  the 
body  whorl.  These  ribs,  which  tend  to  be  wavy,  are  previously 
unreported  for  this  species,  as  is  the  elliptical  aperture  pre- 
served on  the  specimen  from  locality  979.  Future  better  ma- 
terial may  prove  that  the  Lockwood  Valley  specimens  rep- 
resent a new  species. 

Previously,  this  species  had  not  been  reported  as  ranging 
stratigraphically  into  the  “Capay  Stage.” 

Family  Strombidae 

Ectinochilus  ( Macilentos ) macilentus 
(White,  1889) 

Figure  21 

Rimella  macilenta  White,  1889:19,  pi.  3,  figs.  10-12. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  CSUN  localities  975,  979,  980,  981, 
983,  984,  987. 

Remarks.  Ten  specimens  each  were  found  at  localities  979, 
983,  and  984;  five  specimens  each  were  found  at  localities 
98 1 and  987.  At  localities  975  and  980,  only  single  specimens 
were  found.  Preservation  is  good  and  the  collabral  costae  and 
spiral  ribs  do  not  show  much  sign  of  abrasion,  although  the 
fragile  outer  lip  is  missing  in  nearly  every  specimen. 

Family  Seraphsidae 

Paraseraphs  erraticus  (Cooper,  1894) 

Figure  22 

Tornatina  erratica  Cooper,  1894:47,  pi.  2,  fig.  35. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 

Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  CSUN  locality  981. 

Remarks.  Only  four  specimens  were  found,  all  of  which 
are  internal  molds  of  fragments. 

Family  Cypraeidae 

Cypraea  species  indeterminate 

Figure  23 

Local  Occurrence.  CSUN  locality  984. 

Remarks.  Only  a single  specimen  was  found.  Three-fourths 
of  the  shell  is  missing  along  both  sides  of  the  aperture,  and 
the  extreme  apical  portion  is  broken  off.  Specific  identifica- 
tion is  not  possible  but,  based  on  shell  features  that  are  pres- 
ent, the  specimen  resembles  Cypraea  castacensis  Stewart 


(1927:370,  pi.  28,  fig.  10)  from  “Domengine  Stage”  strata  in 
southern  and  central  California  (Squires,  1984:fig.  7b). 

Family  Naticidae 

Eocernina  hannibali  (Dickerson,  1914) 

Figure  24 

Natica  hannibali  Dickerson,  1914:1 19,  pi.  12,  figs.  5a-b. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 
Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  CSUN  localities  974(7),  978,  984. 
Remarks.  Four  specimens  were  found  at  locality  984,  three 
at  locality  974,  and  one  at  locality  978.  Except  at  locality 
974,  preservation  is  good  with  the  characteristic  massive 
parietal  and  umbilical  calluses  present. 

Pachycrommium  clarki  (Stewart,  1927) 

(Figure  25) 

Amaurellina  ( Euspirocrommium ) clarki  Stewart,  1927:336- 
339,  pi.  26,  figs.  8-9  [new  name,  in  part,  for  Amauropsis 
alveata  (Conrad,  1855),  preoccupied  and  misidentified], 
Pachycrommium  clarki  (Stewart).  Marincovich,  1 977:238— 
241,  pi.  20,  figs.  4-10. 

Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 
Geographic  Distribution.  San  Diego,  California  through 
northern  Washington. 

Local  Occurrence.  CSUN  localities  981,  983,  984,  987. 
Remarks.  Twelve  specimens  each  were  found  at  localities 
981  and  987,  eight  specimens  each  were  found  at  localities 
984  and  987,  and  three  were  found  at  locality  983.  At  locality 
981,  there  is  a partial  growth  series  with  specimen  heights 
ranging  from  14  through  30  mm.  At  locality  987,  there  is  a 
more  complete  growth  series  with  specimen  heights  ranging 
from  1 1 through  45  mm.  The  largest  specimens  were  found 
at  locality  983  with  specimen  heights  of  55  mm  (incomplete). 
Specimens  of  P.  clarki  are  the  largest  of  all  the  macrofossils 
in  the  studied  fauna.  Preservation  is  fair  with  many  frag- 
mental specimens. 

Amaurellina  caleocia  Vokes,  1939 

Figure  26 

Amaurellina  caleocia  Vokes,  1939:172-173,  pi.  22,  figs.  4-6 
[new  name,  in  part,  for  Amauropsis  alveata  (Conrad)  of 
Dickerson,  1916,  preoccupied  and  misidentified],  Marin- 
covich, 1977:241-243,  pi.  20,  figs.  11-13;  pi.  21,  figs. 
1-2. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Orocopia  Mountains,  southern 
California  through  central  California. 

Local  Occurrence.  CSUN  locality  979. 

Remarks.  Only  a single  specimen  was  found.  Although  a 
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portion  of  the  shell  is  missing,  enough  is  present  to  show  the 
characteristic  minute  spiral  sculpture. 

Sinum  obliquum  (Gabb,  1864) 

Figure  27 

Naticina  obliqua  Gabb,  1864:109,  pi.  21,  fig.  1 12. 

Molluscan  Stage  Range.  “Capay”  through  lower  Oligo- 

cene. 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Washington. 

Local  Occurrence.  CSUN  locality  983. 

Remarks.  Only  a single  specimen  was  found,  and  it  shows 
the  distinctive  spiral  sculpture. 

Natica  ( Naticarius ) uvasana 
Gabb,  1864 
Figure  28 

Natica  uvasana  Gabb,  1864:212,  pi.  32,  fig.  277 . Dickerson, 
1 9 1 6:pl.  38,  fig.  8.  Anderson  and  Hanna,  1925:1  16-1  17, 
pi.  9,  figs.  3-4.  Stewart,  1927:322-323,  pi.  30,  fig.  14. 
Natica  ( Natica ) uvasana  Gabb.  Weaver  and  Kleinpell,  1 963: 
187,  pi.  24,  figs.  12-13.  Givens,  1974:77,  pi.  7,  fig.  18;  pi. 
8,  fig.  1. 

Natica  ( Naticarius ) uvasana  Gabb.  Marincovich,  1975: 172- 
173,  figs.  20-22;  1977:390-392,  pi.  39,  figs.  5-8. 

Primary  Type  Material.  ANSP  lectotype  4233,  designated 
by  Stewart  (1927:322),  Tejon  Formation,  near  Fort  Tejon, 
Kern  County,  California. 

Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 
Geographic  Distribution.  San  Diego  to  Point  Conception 
area,  California,  and  Fort  Tejon  area,  California. 

Local  Occurrence.  CSUN  locality  987. 

Remarks.  Only  a single  specimen  was  found.  Although  this 
well-preserved  specimen  is  a juvenile  (height  5 mm)  and  is 
the  smallest  illustrated  specimen  of  this  species,  it  shows  the 
characteristic  low  spire,  globose  body  whorl,  and  very  dis- 
tinctive robust  umbilical  callus  with  the  sharply  raised  fu- 
nicle. 

The  height  of  an  average  specimen  of  this  species  is  10 
mm  (Marincovich,  1977).  There  is  variation  in  the  openness 
of  the  umbilicus  in  the  illustrated  specimens  of  this  species. 
Small  specimens  (less  than  10  mm  in  height)  have  a slit-like 
umbilicus,  whereas  larger  specimens  have  a much  more  open 
umbilical  area. 

Previously,  N.  (N.)  uvasana  had  not  been  reported  as  rang- 
ing stratigraphically  into  the  “Capay  Stage.”  It  is  the  earliest 
Cenozoic  representative  of  the  subfamily  Naticinae  Forbes 
on  the  West  Coast. 

Family  Cassidae 

Ga/eodea  ( Caliagaleodea ) ca/ifornica 
Clark,  1942 
Figure  29 

Galeodea  (Caliagaleodea)  californica  Clark,  1942:1 18-1  19, 
pi.  19,  figs.  15-19.  Squires,  1984:26,  fig.  7j. 


Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  San  Diego  through  northern 
Lockwood  Valley,  California. 

Local  Occurrence.  CSUN  locality  987. 

Remarks.  Only  a single  specimen  was  found,  and  it  is  an 
internal  mold  with  only  a few  traces  of  shell  left. 

The  Lockwood  Valley  specimen  seemingly  has  less  of  a 
fiattish  ramp  area  between  the  suture  and  the  body-whorl 
shoulder  than  is  typical  for  this  species,  but  this  is  due  to  the 
internal  mold  preservation.  The  specimen  shows  a secondary 
spiral  rib  between  each  of  the  primary  ribs  on  the  posterior 
region  of  the  body  whorl.  This  particular  feature,  however, 
is  variable  in  this  species,  as  noted  by  Clark  ( 1 942: 1 1 9)  who 
mentioned  that  the  fairly  heavy  spiral  ribs  alternate  some- 
what irregularly  in  a tertiary,  secondary,  and  primary  series. 
Three  of  the  14  topotypes  of  G.  (C.)  californica  mentioned 
in  Squires  ( 1 984:26)  also  show  a secondary  spiral  rib  between 
the  primary  spiral  ribs  on  the  body  whorl. 

Previously,  this  species  had  not  been  reported  as  ranging 
stratigraphically  into  the  “Capay  Stage”  or  geographically  as 
far  north  as  the  northern  Lockwood  Valley. 

Galeodea  aff.  G.  nodosa  carinata 
(Deshayes,  1835) 

Figures  30,  3 I 

Local  Occurrence.  CSUN  locality  983. 

Remarks.  Only  a single  specimen  was  found,  and  it  is  well 
preserved.  The  specimen  has  affinity  to  Galeodea  nodosa 
carinata  (Deshayes,  1835:633-634,  pi.  85,  figs.  8-9  only; 
1 866:475-476;  Wngley,  1 934: 120-121)  from  middle  Eocene 
strata  (Lutetian  Stage),  Paris  Basin,  France.  The  morphologic 
similarities  include  the  shell  profile,  tabulate  shoulder  on  the 
whorls,  raised  and  flat-sided  spire  whorls,  four  carinae  on 
the  body  whorl,  tendency  for  a fifth  but  very  weak  carina  in 
the  neck  region,  numerous  very  fine  spiral  lirae  covering  the 
shell,  and  a thick  outer  lip. 

Comparison  of  the  Lockwood  Valley  specimen  to  three 
specimens  of  G.  nodosa  carinata  from  the  UCMP  Cloetz 
collection,  UCMP  locality  B-7 148  (Parnes,  Oise  region,  Paris 
Basin),  revealed  that  G.  aff.  G.  nodosa  carinata  differs  some- 
what from  G.  nodosa  carinata  in  the  following  features:  slightly 
thicker  outer  lip  and  parietal  callus,  nine  nodes  rather  than 
1 2 to  15  nodes  on  the  body-whorl  shoulder,  a tendency  for 
these  nodes  to  become  spinose,  and  an  absence  of  nodes  on 
the  carina  just  anterior  to  the  shoulder  of  the  body  whorl. 

Galeodea  aff.  G.  nodosa  carinata  is  unlike  any  reported 
species  or  subspecies  of  Galeodea  in  the  Tertiary  of  the  West 
Coast.  The  only  other  galeodeas  that  are  present  in  the  “Ca- 
pay Stage”  of  the  West  Coast  are  G.  ( Gomphopages ) mega- 
nosensis  Vokes  (1939:151-152,  pi.  19,  fig.  18;  Clark  and 
Woodford,  1927:1  13,  pi.  19,  fig.  21;  Squires,  1987,  fig.  49), 
G.  (Gomphopages)  sutterensis  Dickerson  (1916:492,  pi.  40, 
figs,  la-b;  Schenck,  1926:84,  pi.  15,  figs.  1-2;  Turner,  1938: 
92,  pi.  18,  fig.  19;  Vokes,  1939: 1 50-1 5 1 , pi.  19,  fig.  15;  Weav- 
er, 1943:402,  pi.  78,  figs.  6-7;  Givens,  1974:78,  pi.  8,  fig.  4), 
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and  G.  cf.  G.  gallica  Wrigley  (Squires  and  Advocate,  1986: 
857-858,  figs.  2. 7-2. 8).  The  first  species  has  two  nodose  ca- 
rinae  on  the  body  whorl,  and  the  other  two  have  three.  The 
Lockwood  Valley  specimen,  however,  does  resemble  G. 
(Gomphopages)  meganosensis  and  G.  (Gomphopages)  sut- 
terensis  in  the  spinose  development  of  the  nodes  on  the  shoul- 
der of  the  body  whorl. 

More  specimens  of  G.  aff.  G.  nodosa  carinata  are  needed 
to  confirm  the  constancy  of  the  nodose  character.  More  spec- 
imens may  show  that  it  grades  into  G.  nodosa  carinata  or 
may  show  that  it  is,  in  fact,  a new  species. 

Family  Bursidae 

Olequahia  domenginica  (Vokes,  1939) 

Figure  32 

Ranella  domenginica  Vokes,  1939:147-148,  pi.  19,  figs.  6, 

20. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  CSUN  localities  981,  984. 

Remarks.  Two  specimens  were  found  at  locality  981,  and 
a single  specimen  at  locality  984.  All  are  internal  molds,  but 
they  show  the  diagnostic  spiral  ribbing  that  covers  the  shell, 
the  medially  angulate  spire  whorls  with  prominent  axial  rib- 
bing, the  biangulate  body  whorl  with  nodes  only  on  the  pos- 
teriormost  angulation,  and  the  thickened  outer  lip. 


Previously,  this  species  had  not  been  reported  as  ranging 
stratigraphically  into  the  “Capay  Stage.” 

Family  Ficidae 

Ficopsis  remondii  crescentensis 
Weaver  and  Palmer,  1 922 
Figure  33 

Ficopsis  remondii  (Gabb)  var.  crescentensis  Weaver  and 
Palmer,  1922:39-40,  pi.  11,  fig.  14  (new  name  for  Ficopsis 
angulatus  Weaver,  1905,  preoccupied). 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 
Geographic  Distribution.  San  Diego,  California  through 
northwestern  Washington. 

Local  Occurrence.  CSUN  localities  979,  981,  983. 
Remarks.  Single  specimens  were  found  at  each  locality. 
Preservation  is  good,  and  the  specimens  show  the  diagnostic 
tricarination  of  the  body  whorl  and  the  cancellate  sculpture. 

Order  Neogastropoda 

Family  Fasciolariidae 

Clavilithes  tcibulatus  (Dickerson,  1913) 

Figure  34 

C/avel/a  tabulata  Dickerson,  1913:283,  pi.  12,  fig.  7. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Orocopia  Mountains,  southern 
California  through  central  California. 


Figures  26—47.  Northern  Lockwood  Valley  Eocene  mesogastropods,  neogastropods,  cephalaspid,  and  bivalves.  Figs.  26-32.  Mesogastropods. 
26 . Amaurellina  caleocia  Vokes,  1939,  abapertural  view,  x4.9,  height  7 mm,  width  6 mm,  LACMIP  hypotype  7707,  CSUN  locality  979.  27. 
Simon  obliquum  (Gabb,  1864),  oblique  side  view,  x7,  width  4 mm,  LACMIP  hypotype  7708,  CSUN  locality  983.  28.  Natica  ( Naticarius ) 
uvasana  Gabb,  1864,  apertural  view,  x6,  height  5 mm,  width  5.5  mm,  LACMIP  hypotype  7709,  CSUN  locality  987.  29.  Galeodea  ( Calia - 
galeodea)  californica  Clark,  1942,  abapertural  view,  x 1.6,  height  22  mm,  width  17  mm,  LACMIP  hypotype  7710,  CSUN  locality  987.  30- 
31.  Galeodea  aff.  G.  nodosa  carinata  (Deshayes,  1835),  x 1.5,  height  25  mm,  width  20  mm,  LACMIP  hypotype  771 1,  CSUN  locality  983.  30. 
Apertural  view.  31.  Abapertural  view.  32.  Olequahia  domenginica  (Vokes,  1939),  abapertural  view,  x2.8,  height  16.5  mm,  width  10  mm, 
LACMIP  hypotype  7712,  CSUN  locality  981.  33.  Ficopsis  remondii  crescentensis  Weaver  and  Palmer,  1922,  side  view,  x4,  height  10  mm, 
width  6 mm,  LACMIP  hypotype  7713,  CSUN  locality  983.  Figs.  34-43.  Neogastropods.  34.  Clavilithes  tabulatus  (Dickerson,  1913),  apertural 
view,  x 1.2,  height  30  mm,  width  27  mm,  LACMIP  hypotype  7714,  CSUN  locality  984.  35.  Olivella  mathewsonii  Gabb,  1864,  apertural  view, 
x 5.6,  height  5.5  mm,  width  2.5  mm,  LACMIP  hypotype  7715,  CSUN  locality  987.  36.  Lyria  andersoni  Waring,  1917,  apertural  view,  x 1.9, 
height  22.5  mm,  width  10  mm,  LACMIP  hypotype  7716,  CSUN  locality  981.  37.  Bonellitia  ( Admetula ) paucivariata  (Gabb,  1864),  apertural 
view,  x 6.3,  height  6 mm,  width  3.5  mm,  LACMIP  hypotype  7717,  CSUN  locality  98 1 . 38.  Apiotoma  californiana  Squires,  1987,  abapertural 
view,  x 1.1,  height  53  mm,  width  20  mm,  LACMIP  hypotype  7718,  CSUN  locality  983.  39.  Trypanotoma  stocki  (Dickerson,  1916),  apertural? 
view,  x5.7,  height  6.5  mm,  width  3.5  mm,  LACMIP  hypotype  7719,  CSUN  locality  975.  40.  Cryptoconus  cooperi  (Dickerson,  1916),  side 
view,  x 1.8,  height  22  mm,  width  9 mm,  LACMIP  hypotype  7720,  CSUN  locality  975.  41.  Conus  caleocius  Vokes,  1939,  apertural  view, 
x 5.8,  height  5.5  mm,  width  3.5  mm,  LACMIP  hypotype  7721,  CSUN  locality  979.  42.  Conus  remondii  Gabb,  1864,  abapertural  view,  x 3.2, 
height  11  mm,  width  5.5  mm.  LACMIP  hypotype  7722,  CSUN  locality  984.  Fig.  43.  Cephalaspid.  43.  Cylichnina  tantilla  (Anderson  and 
Hanna,  1925),  apertural  view,  x4,  height  8 mm,  width  3.5  mm,  LACMIP  hypotype  7723,  CSUN  locality  984.  Figs.  44-47.  Bivalves.  44. 
Acila  (Truncacila)  decisa  (Conrad,  1855),  right  valve  showing  rare  secondary  bifurcation  of  divaricate  radial  ribbing,  x3.7,  length  7.5  mm, 
height  7 mm,  LACMIP  hypotype  7724,  CSUN  locality  979.  45.  Barbatia  cf.  B.  (Cucullaearca)  cliffensis  Hanna,  1927,  partial  right  valve,  x3.5, 
length  10  mm,  height  7 mm,  LACMIP  hypotype  7725,  CSUN  locality  981. 46.  Glycymeris  (Glycymerita)  sagittata  (Gabb,  1864),  right?  valve, 
x 1.5,  length  21  mm,  height  18  mm,  LACMIP  hypotype  7726,  CSUN  locality  981. 47.  Brachidontes  (Brachidontes)  cowlitzensis  (Weaver  and 
Palmer,  1922),  right  valve,  x8,  length  4.5  mm,  height  3.5  mm,  LACMIP  hypotype  7727,  CSUN  locality  979. 
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Local  Occurrence.  CSUN  localities  979,  984,  987. 

Remarks.  Single  specimens  were  found  at  each  locality.  At 
localities  979  and  987,  the  specimens  are  fragments  of  the 
upper  spire  and  show  collabral  costae  and  spiral  ribbing.  The 
specimen  from  locality  984  is  a large  fragment  that  shows 
the  swollen  carina  along  the  diagnostic  tabulate  shoulder  of 
the  penultimate  and  body  whorls. 

Family  Olividae 

Olivella  mathewsonii  Gabb,  1864 

Figure  35 

Olivella  mathewsonii  Gabb,  1864:100,  pi.  18,  fig.  53. 

Molluscan  Stage  Range.  Lower  “Martinez”  through  “Te- 
jon.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  northwestern  Washington. 

Local  Occurrence.  CSUN  locality  987. 

Remarks.  Only  a single  specimen  was  found.  It  shows  the 
two  main  columellar  folds  with  a weaker  third  columellar 
fold  posterior  to  the  other  two.  All  three  columellar  fold 
regions  have  secondary  spiral  ribbing.  According  to  Gabb 
( 1 864),  this  species  may  possess  two  or  three  columellar  folds. 

Family  Volutidae 

Lyria  andersoni  Waring,  1917 

Figure  36 

Lyria  andersoni  Waring,  1917:97,  pi.  15,  fig.  12. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  southwestern  Oregon. 

Local  Occurrence.  CSUN  locality  981. 

Remarks.  Two  specimens  were  found.  Preservation  is  fair, 
and  the  body  whorl  of  the  best  preserved  specimen  (Fig.  36) 
shows  the  diagnostic  eight  collabral  ribs  and  three  columellar 
folds.  Waring  (1917)  observed  that  this  species  may  have 
either  three  or  four  columellar  folds. 

Family  Cancellariidae 

Bonellitia  ( Admetula ) paucivaricata 
(Gabb,  1864) 

Figure  37 

Tritonium  paucivaricatum  Gabb,  1864:95,  pi.  28,  figs.  209- 

209a. 

Molluscan  Stage  Range.  “Meganos”?,  “Capay”  through 
“Tejon.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  southwestern  Washington. 

Local  Occurrence.  CSUN  locality  981. 

Remarks.  A single  specimen  was  found,  and  it  shows  the 


diagnostic  cancellate  sculpture,  varices,  thickened  outer  lip, 
and  three  columellar  folds. 

Family  Turridae 

Apiotoma  californiana  Squires,  1987 

Figure  38 

Apiotoma  californiana  Squires,  1987:48-49,  fig.  74. 

Molluscan  Stage  Range.  “Capay.” 

Geographic  Distribution.  Whitaker  Peak  area  and  northern 
Lockwood  Valley,  southern  California. 

Local  Occurrence.  CSUN  localities  983,  987. 

Remarks.  Two  specimens  were  found  at  locality  983,  and 
a single  specimen  was  found  at  locality  987.  Preservation  is 
good,  and  the  specimens  possess  the  diagnostic  angulate 
whorls  with  the  posterior  half  nearly  straight  sided.  Spiral 
ribs  cover  the  whorls,  but  tend  to  become  obsolete  along  the 
base  of  the  body  whorl.  The  angulation  in  the  Lockwood 
Valley  specimens  is  slightly  rounded  in  comparison  to  the 
rather  sharp  angulation  in  the  holotype.  This  slight  difference 
is  due  to  an  artifact  of  preservation. 

Previously,  this  species  had  been  known  from  only  a single 
specimen  from  the  “Capay  Stage”  part  of  the  Juncal  For- 
mation, Whitaker  Peak  area,  southern  California. 

Trypanotoma  stocki  (Dickerson,  1916) 

Figure  39 

Tunis  stocki  Dickerson,  1916:449-500,  pi.  42,  fig.  5. 
Gemmula  stocki  (Dickerson).  Clark,  1929:pl.  11,  fig.  3.  An- 
derson and  Hanna,  1925:93. 

Trypanotoma  stocki  (Dickerson).  Vokes,  1939:120,  pi.  17, 

fig.  14. 

Domenginella  claytonensis  (Gabb).  Squires,  1984:37-38,  fig. 

9k.  [Misidentification.j 

Primary  Type  Material.  UCMP  holotype  11821,  Domen- 
gine Formation,  UCMP  locality  672. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  CSUN  locality  975. 

Remarks.  Only  a single  specimen  was  found.  Although 
only  the  spire  is  present,  it  shows  the  diagnostic  nodose  carina 
near  the  middle  of  each  whorl  and  the  prominent  spiral  rib 
posterior  to  this  carina. 

The  presence  of  T.  stocki  in  the  Juncal  Formation?,  north- 
ern Lockwood  Valley,  extends  the  molluscan  stage  range  of 
this  species  into  the  “Capay  Stage”  proper.  Previously,  this 
species  had  not  been  reported  as  ranging  stratigraphically  any 
lower  than  the  uppermost  “Capay  Stage”  (Squires,  1984). 

Trypanotoma  stocki  is  the  only  species  of  this  genus  on 
the  West  Coast.  According  to  Wenz  (1943:1414),  Trypano- 
toma is  a North  American  genus  restricted  to  the  Eocene. 
The  point  of  origin  was  most  likely  in  Alabama  because  T. 
carlottae  (Harris)  is  present  there  in  the  Bashi  Member  of 
the  Hatchetigbee  Formation  (Palmer  and  Brann,  1966:967). 
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Siesser  et  al.  (1985:fig.  2)  assigned  the  Bashi  Marl  Member 
to  the  latest  Paleocene  through  earliest  Eocene. 

Cryptoconus  cooperi  (Dickerson,  1916) 

Figure  40 

Drillia  cooperi  Dickerson,  1916:491,  pi.  40,  figs.  6a-b. 

Molluscan  Stage  Range.  “Meganos”  through  “Domen- 
gine.” 

Geographic  Distribution.  Whitaker  Peak  area,  southern 
California  through  southwestern  Oregon. 

Focal  Occurrence.  CSUN  localities  975,  979,  983,  984, 
987. 

Remarks.  Only  single  fragmentary  specimens  were  found 
at  each  locality.  Preservation  is  fair  and  accounts  for  the 
mostly  smooth  whorls.  Most  of  the  specimens,  however,  do 
have  the  distinctive  two  or  three  spiral  ribs  near  the  suture 
in  the  posterior  anal  band  region. 

Family  Conidae 
Conus  caleocius  Vokes,  1939 

Figure  4 1 

Conus  caleocius  Vokes,  1939:127-129,  pi.  18,  figs.  1,  7. 
Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  CSUN  localities  978,  979. 

Remarks.  Single  specimens  were  found  at  each  locality. 
Preservation  is  fair.  Although  the  best  preserved  specimen 
(Fig.  41)  is  incomplete,  it  shows  the  diagnostic  strong  spiral 
ribs  over  the  entire  body  whorl,  noded  body-whorl  shoulder, 
and  a row  of  small  nodes  immediately  anterior  to  the  suture. 

Previously,  this  distinctive  species  had  not  been  reported 
as  ranging  stratigraphically  into  the  “Capay  Stage.” 

Conus  remondii  Gabb,  1864 

Figure  42 

Conus  remondii  Gabb,  1864:122,  pi.  20,  fig.  79. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 
Geographic  Distribution.  San  Diego  through  central  Cal- 
ifornia. 

Local  Occurrence.  CSUN  localities  984,  987(7). 

Remarks.  Single  specimens  were  found  at  each  locality. 
Preservation  is  poor,  but  the  specimen  from  locality  984 
shows  the  diagnostic  high  spire,  noded  body-whorl  shoulder, 
and  spiral  ribs  on  the  anterior  portion  of  the  body  whorl. 

Order  Cephalaspidea 

Family  Cylichnidae 

Cylichnina  tantilla 
(Anderson  and  Hanna,  1925) 

Figure  43 

Cylichnella  tantilla  Anderson  and  Hanna,  1925:140,  pi.  7, 
figs.  4,  8-9. 


Molluscan  Stage  Range.  “Capay”  through  “Tejon.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  western  Washington. 

Local  Occurrence.  CSUN  localities  974,  975,  978,  979, 
981,  983,  984,  987. 

Remarks.  Seven  specimens  were  found  at  localities  984 
and  987.  At  the  other  localities,  only  one  or  two  specimens 
were  found.  Preservation  is  fair,  but  most  specimens  show 
the  fine  spiral  ribbing. 

Class  Bivalvia 
Order  Nuculoida 
Family  Nuculidae 

Acila  ( Truncacila ) decisa 
(Conrad,  1855) 

Figure  44 

Nucula  decisa  Conrad,  1855:11-12;  1 8 5 7 :pl.  3,  fig.  19. 

Molluscan  Stage  Range.  “Martinez”  through  upper  Eocene 
(Turritella  schencki delaguerrae Zone  of  Kleinpell  and  Weav- 
er, 1963). 

Geographic  Distribution.  San  Diego,  California  through 
Kamchatka,  U.S.S.R. 

Local  Occurrence.  CSUN  localities  974,  979,  983. 

Remarks.  Two  specimens  were  found  at  each  locality,  and 
the  specimens  are  fairly  well  preserved  single  valves.  All  show 
the  characteristic  divaricate  radial  ribbing;  the  specimen  il- 
lustrated in  Figure  44  shows  rare  secondary  bifurcation  of 
this  ribbing. 

Order  Arcoida 
Family  Arcidae 

Barbatia  cf.  B.  ( Cucullaearca ) cliffensis 
Hanna,  1927 
Figure  45 

Local  Occurrence.  CSUN  localities  981,  987(7). 

Remarks.  Only  single  specimens  were  found  at  each  lo- 
cality, and  the  specimens  are  poorly  preserved,  incomplete, 
single  valves.  The  largest  fragment  (Fig.  45)  is  a partial  in- 
ternal mold  and  has  a subcentral  beak. 

The  specimens  most  closely  resemble  B.{C.)  cliffensis  Han- 
na (1927:272,  pi.  26,  figs.  1-6;  Reinhart,  1943:32-33,  pi.  1, 
figs.  5-7;  Moore,  1983:34-35,  pi.  5,  figs.  9,  12;  Squires,  1987: 
55,  fig.  89)  from  “Capay”  through  “Domengine  Stage”  strata, 
southern  California. 

Family  Glycymerididae 

Glycymeris  ( Glvcymerita ) sagittata 
(GabK  1864) 

Figure  46 

Axinacea  ( Limopsisl ) sagittata  Gabb,  1 864: 197-198,  pi.  31, 

figs.  267-267a. 
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54  55 


Figures  48-55.  Northern  Lockwood  Valley  Eocene  bivalves.  48.  Parvamussium  sp.,  internal  mold  of  right?  valve,  x 1 1.3,  length  3 mm,  height 
3 mm,  LACMIP  hypotype  7728,  CSUN  locality  983.  49.  Claibornites  diegoensis  (Dickerson,  1916),  right  valve,  x 1,  length  42  mm,  height  41 
mm,  LACMIP  hypotype  7729,  CSUN  locality  987.  50.  Glyptoactis  (Claibornicardia)  domenginica  (Vokes,  1939),  right  valve,  x4.7,  length  7 
mm,  height  6 mm,  LACMIP  hypotype  7730,  CSUN  locality  978.  51.  Nemocardium  linteum  (Conrad,  1865),  mostly  internal  mold,  right  valve, 
xl.7,  length  18  mm,  width  17  mm,  LACMIP  hypotype  7731,  CSUN  locality  981.  52.  Pitar  (Lamelliconcha)  joaquinensis  Vokes,  1939,  left 
valve,  x3.3,  length  10  mm,  height  8 mm,  LACMIP  hypotype  7732,  CSUN  locality  974.  53.  Callista  (Costacallista)  hornii  vokesi  Squires, 
1987,  left  valve,  x4.6,  length  7 mm,  height  6 mm,  LACMIP  hypotype  7733,  CSUN  locality  978.  54.  Corbula  ( Caryocorbula ) parilis  Gabb, 
1864,  right  valve,  x3.6,  length  10  mm,  height  6 mm,  LACMIP  hypotype  7734,  CSUN  locality  974.  55.  Teredinidae,  genus  et  species 
indeterminate,  in  fossilized  wood,  x2,  length  34  mm,  LACMIP  hypotype  7735,  CSUN  locality  987. 


Molluscan  Stage  Range.  “Capay”  through  “Tejon,”  Oli- 
gocene?. 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  CSUN  localities  974,  975(?),  976,  978, 
981,  983,  987. 

Remarks.  Three  specimens  were  found  at  locality  981,  and 
one  or  two  specimens  were  found  at  each  of  the  other  lo- 
calities. Preservation  is  moderately  good.  Only  disarticulated 
valves  were  found  at  all  the  localities. 

Order  Mytiloida 

Family  Mytilidae 

Brachidontes  ( Brachidontes ) cowlitzensis 
(Weaver  and  Palmer,  1922) 

Figure  47 

Modiolus  ( Brachydontes ) cowlitzensis  Weaver  and  Palmer, 

1922:16-17,  pi.  9,  fig.  19  (new  name  for  Modiola  ornata 

Gabb,  1864,  preoccupied). 

Molluscan  Stage  Range.  “Meganos”  through  lower  Oli- 
gocene  ( Turritella  variata  lorenzana  Zone  of  Kleinpell  and 
Weaver,  1963). 


Geographic  Distribution.  San  Diego,  California  through 
Gulf  of  Alaska. 

Local  Occurrence.  CSUN  locality  979. 

Remarks.  Only  one  specimen  was  found,  and  it  is  partly 
an  internal  mold  of  a single  valve.  It  shows  the  high  umbonal 
fold  characteristic  of  this  species. 

Order  Pterioida 
Family  Propeamussiidae 

Parvamussium  sp. 

Figure  48 

Local  Occurrence.  CSUN  locality  983. 

Remarks.  A single  specimen  was  found,  and  it  is  an  internal 
mold  of  a single  right?  valve.  Only  one  of  the  auricles  is 
present.  The  interior  of  the  valve  shows  nine  and  possibly 
10  radial  ribs  that  extend  almost  to  the  ventral  margin  of  the 
valves. 

Parvamussium  is  characterized  by  internal  ribs  that  extend 
to,  or  almost  to,  the  ventral  margin  (Moore,  1984).  There 
are  three  Paleogene  species  of  Parvamussium  in  the  northeast 
Pacific,  and  they  all  have  1 0 to  12  interior  ribs  (Moore,  1 984). 


18  Contributions  in  Science,  Number  398 


Squires:  Lockwood  Valley  Eocene  Fossils 


Due  to  the  absence  of  exterior  sculpture,  specific  identifica- 
tion is  not  possible  for  the  specimen  from  locality  983. 

Order  Veneroida 
Family  Lucinidae 

C/aibornites  diegoensis  (Dickerson,  1916) 

Figure  49 

Lucirta  diegoensis  Dickerson,  1916:484,  pi.  37,  figs.  la-b. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  San  Diego  through  northern 
Lockwood  Valley,  southern  California. 

Local  Occurrence.  CSUN  locality  987. 

Remarks.  A single  right  valve  was  found;  it  is  crushed  and 
its  dorsal  anterior  portion  is  missing.  The  specimen  shows 
the  diagnostic  orbicular  shape,  central  beak,  fairly  strong  very 
closely  spaced  commarginal  ribbing,  and  the  feeble  umbonal 
groove  in  the  dorsal  posterior  region. 

Previously,  this  species  had  not  been  reported  geographi- 
cally as  far  north  as  northern  Lockwood  Valley. 

Family  Carditidae 

Glvptoactis  ( Claibornicardia ) domenginica 
(Vokes,  1939) 

Figure  50 

Venericardia  (Glvptoactis?)  domenginica  Vokes,  1939:66,  pi. 

5,  figs.  7-9. 

Molluscan  Stage  Range.  “Capay”  through  “Transition.” 

Geographic  Distribution.  San  Diego  through  Mt.  Diablo, 
northern  California. 

Local  Occurrence.  CSUN  localities  978,  979. 

Remarks.  Two  single  valves  were  found  at  locality  978, 
and  one  valve  was  found  at  locality  979.  Preservation  is  good, 
and  the  specimens  show  the  diagnostic  16  to  17  noded  tri- 
partite ribs  that  are  finer  and  closer  together  on  the  posterior 
portion  of  the  valve.  The  tripartite  nature  of  the  ribs  also 
becomes  less  apparent  posteriorly. 

This  species  is  more  typical  of  the  subgenus  Claibornicar- 
dia Stenzel  and  Kraus  (in  Stenzel  et  al.,  1957)  than  of  the 
subgenus  Glvptoactis  Stewart  (1930).  Heaslip  (1968:98,  1 10) 
compared  these  two  subgenera  and  reported  that  only  Clai- 
bornicardia had  spinose  ribs,  and  that  it  lacked  the  diagnostic 
“tooth”  that  Glvptoactis  had  above  the  intersection  of  the 
lunule  and  the  anterior  point  of  the  left  posterior  cardinal 
tooth.  Glvptoactis  (Claibornicardia)  domenginica  has  spinose 
radial  ribs  and  lacks  the  diagnostic  “tooth.” 

Previously,  this  species  had  not  been  reported  as  ranging 
stratigraphically  into  the  “Capay  Stage.” 

Family  Cardiidae 

Nemocardium  lintewn  (Conrad,  1855) 

Figure  51 

Cardium  linteum  Conrad,  1855:3,  9;  1857:pl.  2,  fig.  1. 

Molluscan  Stage  Range.  “Martinez”  through  “Tejon.” 


Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  CSUN  localities  981,  983. 

Remarks.  Two  single  valves  were  found  at  locality  983, 
and  a single  valve  was  found  at  locality  98 1 . All  the  specimens 
are  partial  internal  molds  with  remnants  of  exterior  shell. 
They  show  the  diagnostic  inflated  valves,  prominent  central 
beaks,  and  minute  radial  ribs. 

Family  Veneridae 

Pitar  ( Lamelliconcha ) joaquinensis 
Vokes,  1939 

Figure  52 

Pitar  (Lamelliconcha)  joaquinensis  Vokes,  1939:85-86,  pi. 

13,  figs.  9-12. 

Molluscan  Stage  Range.  “Capay”  through  "Domengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  CSUN  localities  974,  975,  976,  978, 
979,  980,  981,  983,  984. 

Remarks.  Six  single  valves  were  found  at  each  of  the  lo- 
calities 979,  981,  and  983.  One  or  two  single  valves  were 
found  at  each  of  the  other  localities.  Preservation  is  good, 
and  the  specimens  show  the  diagnostic  flat-topped,  wide 
commarginal  ribs  with  linear  interspaces.  These  flat-topped 
commarginal  ribs  are  covered  by  numerous  minute  growth 
lines. 

Ca/lista  ( Costacallista ) hornii  vokesi 
Squires,  1987 
Figure  53 

Ca/lista  (Costacallista)  hornii  vokesi  Squires,  1987:69-70, 

figs.  120-121. 

Molluscan  Stage  Range.  “Capay”  through  “Domengine.” 

Geographic  Distribution.  Simi  Valley,  southern  California 
through  central  California. 

Local  Occurrence.  CSUN  localities  978,  981. 

Remarks.  A valve  was  found  at  each  locality.  Preservation 
is  good,  and  the  specimens  show  the  diagnostic  thin,  vertical- 
sided commarginal  ribs  separated  by  flat-bottomed  inter- 
spaces twice  as  wide  as  the  thin  commarginal  ribs. 

Order  Myoida 

Family  Corbulidae 

Corbula  (Caryocorbula)  parilis 
Gabb,  1864 
Figure  54 

Corbula  parilis  Gabb,  1864:150,  pi.  29,  figs.  239-239a. 

Molluscan  Stage  Range.  “Capay”  through  "Transition.” 

Geographic  Distribution.  San  Diego,  California  through 
southwestern  Oregon. 

Local  Occurrence.  CSUN  locality  974. 
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Remarks.  One  valve  was  found.  Preservation  is  fair,  and 
the  specimen  faintly  shows  the  diagnostic  cancellate  sculp- 
ture. The  commarginal  ribs  also  extend  onto  the  sloping  pos- 
terior region  of  the  shell. 

Family  Teredinidae 

Genus  et  Species  Indeterminate 

Figure  55 

Local  Occurrence.  CSUN  locality  987. 

Remarks.  A small  piece  of  fossilized  wood  with  three  cal- 
careously  lined  burrows  was  found.  Generic  determination 
is  uncertain  because  the  character  of  the  pallets  is  used  to 
define  subfamilial  and  generic  groups  in  the  Teredinidae,  and 
these  are  rarely  preserved.  The  only  known  pallets  from  a 
West  Coast  early  Tertiary  teredinid  belong  to  a species  of 
Bankia  (subfamily  Bankiinae  Turner)  (Durham  and  Zullo, 
1961;  Kennedy  et  al.,  1980). 

LOCALITIES 

CSUN  macrofossil  localities  collected  by  the  author  in  the 
course  of  this  study  are  listed  first.  Localities  of  other  insti- 
tutions mentioned  in  this  report  follow  in  alphabetical  order. 

All  CSUN  localities  are  in  the  Juncal  Formation?  in  north- 
ern Lockwood  Valley,  Ventura  County,  southern  California. 
They  are  in  the  United  States  Geological  Survey  7.5-minute 
(1:24,000  scale)  topographic  quadrangle  of  Sawmill  Moun- 
tain, California,  1943.  Abbreviations  used  are  feet  (ft.),  me- 
ters (m),  township  (T),  range  (R),  north  (N),  south  (S),  east 
(E),  and  west  (W).  Distances  are  given  in  both  English  and 
metric  units,  but  map-contour  elevations  are  given  in  English 
units  only. 

The  general  location,  relative  stratigraphic  position,  pro- 
vincial molluscan  stage,  and  interpreted  paleoenvironment 
of  deposition  of  each  CSUN  locality  are  shown  in  Figure  2. 

CSUN  MACROFOSSIL  LOCALITIES 

974.  At  elevation  of  6015  ft.  on  west  side  of  trail,  1400  ft.  (427 
m)  south  and  250  ft.  (76  m)  west  of  NE  corner  of  section  24,  T 8 
N,  R 21  W. 

975.  At  elevation  of  6180  ft.  on  north  side  of  steep  hill,  1200  ft. 
(366  m)  south  and  350  ft.  (107  m)  east  of  NW  comer  of  section  19, 
T 8 N,  R 21  W. 

976.  At  elevation  of  6225  ft.  at  top  of  steep  hill,  1200  ft.  (396  m) 
south  and  380  ft.  (1 16  m)  east  of  NW  comer  of  section  19,  T 8 N, 
R 21  W. 

978.  At  elevation  of  6200  ft.  at  a prominent  bed  on  top  of  small 
ridge,  1400  ft.  (427  m)  south  and  540  ft.  (165  m)  east  of  NW  comer 
of  section  19,  T 8 N,  R 21  W. 

979.  At  elevation  of  6 1 70  ft.  on  top  of  small  ndge  and  continuing 
westward  along  strike  of  prominent  bed  into  small  canyon,  1500  ft. 
(457  m)  south  and  600  ft.  (183  m)  east  of  NW  comer  of  section  19, 
T 8 N,  R 21  W. 

980.  At  elevation  of  61 15  ft.  on  west  side  of  small  ndge,  1620  ft. 
(494  m)  south  and  925  ft.  (282  m)  east  of  NW  comer  of  section  19, 
T 8 N,  R 21  W. 

981.  At  elevation  of  6350  ft.  on  south  side  of  narrow  ridge,  2000 
ft.  (610  m)  south  and  2850  ft.  (869  m)  east  of  NW  comer  of  section 
19,  T 8 N,  R 21  W. 


983.  At  elevation  of  6125  ft.  on  south  side  of  small  ridge,  1400 
ft.  (427  m)  north  and  1850  ft.  (564  m)  west  of  SE  comer  of  section 
24,  T 8 N,  R 21  W. 

984.  At  elevation  of  6025  ft.  on  north  side  of  ridge,  3200  ft.  (976 
m)  south  and  1 150  ft.  (351  m)  east  of  NW  comer  of  section  19,  T 
8 N,  R 21  W. 

987.  At  elevation  of  6075  ft.  on  top  of  ridge,  3000  ft.  (914  m) 
south  and  1315  ft.  (952  m)  east  of  NW  comer  of  section  19,  T 8 N, 
R 21  W. 

990.  At  elevation  of  6185  ft.  along  east  side  of  hill,  1050  ft.  (320 
m)  south  and  1380  ft.  (421  m)  east  of  NW  comer  of  section  19,  T 
8 N,  R 21  W. 


UCMP  LOCALITIES 

672.  Massive  sandstone  forming  southern  portion  of  crest  of  Par- 
son's Peak,  SE  '4  of  the  NW  '4  of  section  24,  T 1 8 S,  R 14  E,  Coalinga 
quadrangle,  Fresno  County,  California. 

A-662.  On  east  bank  of  Little  River  between  the  highway  bridge 
and  the  first  bend  of  the  stream  east  of  the  junction  with  the  North 
Umpqua  River,  center  of  section  1 9,  T 26  S,  R 3 W,  Douglas  County, 
Oregon. 

A-1313.  West  side  of  Capay  Valley  west  ofTancred  Station,  south- 
central  part  of  section  28,  T 1 1 N,  R 3 W,  Yolo  County,  California. 

B-1840.  Santa  Agata  fossili.  northern  Italy.  Type  Tortonian. 

B-7148.  Pames  (Oise),  Paris  Basin,  France.  Lutetian  Stage. 
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STRATIGRAPHY  AND  PALEONTOLOGY  OF  PLIOCENE  AND  PLEISTOCENE 
LOCALITIES  WEST  OF  LAKE  TURKANA,  KENYA 

John  M.  Harris,1  Frank  H.  Brown,2  and  Meave  G.  Leakey3 


ABSTRACT.  A cumulative  thickness  of  730  m of  lacustrine,  flu- 
yiatile,  and  terrestrial  sediments  exposed  near  the  northwest  shore- 
line of  Lake  Turkana  documents  the  western  margin  of  the  Lake 
Turkana  basin  during  the  late  Pliocene  and  early  Pleistocene.  These 
strata  constitute  the  Nachukui  Formation,  which  is  named  in  this 
paper  and  subdivided  into  eight  members.  The  distribution  of  sed- 
imentary facies  within  the  Nachukui  Formation  suggests  that,  as 
today,  the  Labur  and  Murua  Rith  ranges  formed  the  western  margin 
of  the  basin  and  were  drained  by  eastward-flowing  rivers  that  fed 
into  the  forerunner  of  the  present  lake  or  a major  river  system. 
Twenty-three  of  the  tuffs  observed  in  the  formation  have  been  pre- 
viously recognized  from  sequences  preserved  at  Koobi  Fora  and  in 
the  lower  Omo  Valley  and  permit  correlation  between  these  three 
localities. 

Forty-seven  fossiliferous  sites  from  West  Turkana  have  yielded 
more  than  1000  specimens  of  93  mammalian  species,  including 
important  Homo  erectus  and  Australopithecus  boisei  material  that 
has  been  reported  previously.  The  larger  fossil  mammals  described 
in  this  paper  constitute  1 0 time-successive  assemblages  that  augment 
information  about  faunal  and  environmental  change  from  elsewhere 
in  the  basin. 

INTRODUCTION 

The  Lake  Turkana  basin,  which  forms  part  of  the  eastern 
Rift  Valley  system  of  East  Africa,  is  located  at  the  western 
edge  of  the  border  between  Kenya  and  Ethiopia.  It  has  proved 
a prolific  source  of  Miocene,  Pliocene,  and  Pleistocene  fossils 
that  have  contributed  much  to  the  understanding  of  the  tem- 
po and  mode  of  evolution  of  terrestrial  African  faunas.  With- 
in the  basin,  several  geographically  discrete  areas  have  at 
different  times  been  investigated  by  different  research  proj- 
ects (Fig.  1).  Pliocene  and  Pleistocene  assemblages  of  fossil 
vertebrates  and  invertebrates  from  the  lower  Omo  Valley  of 
Ethiopia,  to  the  north  of  the  present  lake,  were  originally 
documented  by  Arambourg  (1943,  1947)  and  were  later 
(1967-1974)  intensively  investigated  by  participants  in  the 
joint  French/American  International  Omo  Research  Project 
(Coppens  et  al.,  1976;  Coppens  and  Howell,  1985).  The 
lengthy  stratigraphic  succession  in  the  lower  Omo  Valley  of 
southwestern  Ethiopia  has  in  consequence  provided  a frame- 
work of  radiometric  dates  and  paleomagnetic  data  from  which 
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to  calibrate  and  interpret  faunal  change  both  in  the  basin  and 
farther  afield.  The  Koobi  Fora  region,  on  the  northeastern 
shore  of  the  lake,  has  been  investigated  by  participants  in 
the  Koobi  Fora  Research  Project  under  the  aegis  of  the  Na- 
tional Museums  of  Kenya  since  1968  (Leakey  and  Leakey, 
1978).  This  region  contains  a less  continuous  Pliocene  and 
Pleistocene  succession  than  that  documented  in  the  lower 
Omo  Valley,  but  it  both  supplements  our  understanding  of 
the  time-sequential  regional  assemblages  of  fossil  vertebrates 
and  invertebrates  in  the  Lake  Turkana  Basin,  and  provides 
faunal  samples  from  intervals  that  are  either  unrecorded  or 
only  poorly  documented  in  the  latter.  The  abundant  hominid 
remains  (Leakey  and  Leakey,  1978)  have  received  much  at- 
tention and  some  of  the  other  fossil  mammals  have  been 
described  in  monographic  detail  (Harris,  1 983).  Monograph- 
ic treatment  of  the  rest  of  the  Koobi  Fora  fossil  material  is 
currently  in  progress.  The  localities  of  Kanapoi,  Ekora,  and 
Lothagam  to  the  southwest  of  the  lake  have  yet  to  be  dated 
precisely  but  have  yielded  assemblages  with  potential  to  re- 
solve and  document  faunal  change  in  the  late  Miocene  and 
early  Pliocene  (Patterson  et  al.,  1970;  Behrensmeyer,  1976; 
Smart,  1976;  Cooke  and  Ewer,  1971;  Hooijerand  Patterson, 
1972;  Hooijerand  Maglio,  1974;  Maglio,  1970). 

Exposures  on  the  west  side  of  Lake  Turkana  had  previously 
yielded  an  early  Miocene  fauna  (Madden,  1972),  a Miocene 
freshwater  whale  (Mead,  1975),  a Cretaceous  dinosaur  hu- 
merus (Arambourg  and  Wolff,  1969),  and  fragmentary  ver- 
tebrate fossils  thought  to  be  late  Pleistocene  or  Holocene  in 
age.  The  region  received  renewed  attention  at  the  beginning 
of  the  present  decade  as  an  outgrowth  of  field  programs  of 
the  Koobi  Fora  Research  Project.  The  West  Turkana  Re- 
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Figure  1.  Map  of  Lake  Turkana  Basin  showing  the  distribution  of  the  major  Plio-Pleistocene  fossiliferous  localities  (West  Turkana,  Shungura, 
Mursi,  Usno,  Koobi  Fora,  Kanapoi.  Ekora,  and  Lothagam).  Shaded  areas  represent  Plio-Pleistocene  outcrops.  Dashed  lines  represent  roads. 


search  Project,  as  it  has  now  become  known,  is  part  of  the 
field  and  research  programs  of  the  National  Museums  of 
Kenya. 

Late  in  1980,  personnel  from  the  National  Museums  of 
Kenya  surveyed  exposures  of  the  West  Turkana  region  that 
lay  between  the  settlements  of  Kalakol  (formerly  Ferguson’s 
Gulf)  and  Lowarengak  and  located  sites  that  contained  Plio- 
cene and  Pleistocene  mammalian  fossils  and  stone  tools.  These 
localities  were  briefly  revisited  by  part  of  the  original  team 


accompanied  by  two  of  us  (JMH,  FHB)  in  the  summer  of 
1981  to  evaluate  the  age  and  diversity  of  the  surface  fossils 
and  to  seek  tuffs  for  correlation  and  dating  purposes.  A fur- 
ther two-week  field  reconnaissance  in  the  summer  of  1982 
laid  the  basis  for  preliminary  estimates  of  the  biostratigraphy 
and  chronostratigraphy  of  this  new  area  (Harris  and  Brown, 
1985).  Large-scale  aerial  photographic  coverage  of  the  region 
was  obtained  in  1983  and  intensive  fieldwork  to  document 
the  geology  and  paleontology  was  initiated  in  1984. 
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One  of  the  objectives  of  the  West  Turkana  Research  Proj- 
ect was  to  seek  additional  material  relevant  to  the  investi- 
gation of  early  human  origins.  The  subsequent  recovery  of 
a virtually  complete  Homo  erectus  skeleton  (Brown  et  al., 

1 985)  and  an  early  robust  australopithecine  cranium  (Walker 
et  ah,  1986)  has  already  been  reported.  Descriptions  of  other 
new  hominid  material  are  in  progress.  The  purpose  of  this 
paper  is  to  provide  additional  information  on  the  stratigra- 
phy and  paleontology  of  the  Pliocene  and  Pleistocene  strata 
exposed  in  this  region  so  that  the  previously  reported  hom- 
inid specimens  can  be  viewed  in  terms  of  their  overall 
chronostratigraphic  and  biostratigraphic  context.  Mono- 
graphic treatment  of  the  Pliocene  and  Pleistocene  fossil  as- 
semblages will  be  provided  elsewhere. 

GEOGRAPHIC  SETTING 

The  region  investigated  lies  between  the  settlements  of  Ka- 
lakol  to  the  south  and  Lowarengak  to  the  north  (see  Fig.  1), 
and  is  largely  contained  within  a strip  of  land  about  10  km 
wide  between  the  shore  of  Lake  Turkana  and  low  mountains, 
the  Labur  and  Murua  Rith  ranges,  formed  from  strata  of 
Miocene  or  earlier  age  to  the  west.  Other  exposures  lie  north 
of  the  Labur  (sometimes  spelled  “Lapurr”)  Range  near  the 
spring  of  Loruth  Kaado,  approximately  halfway  between  the 
police  posts  of  Kokuro  and  Todenyang,  and  also  in  small 
patches  to  the  south  as  far  as  Kalojujiamwe  (Fig.  1).  The 
region  is  delineated  by  latitudes  3°35'N  and  4°30'N  and  lon- 
gitudes 35°40'E  and  35°55'E.  The  elevation  of  the  Pliocene 
and  Pleistocene  sediments  ranges  from  about  372  m (the  level 
of  Lake  Turkana)  to  540  m.  The  top  of  the  Labur  Range  is 
the  local  high  point,  and  rises  to  1457  m. 

All  rivers  in  the  region  are  ephemeral  and  drain  from  west 
to  east.  Most  arise  from  the  east  edge  of  the  Labur  and  Murua 
Rith  ranges  although  the  larger  rivers  (the  Lagas  Topernawi, 
Kataboi,  Kokiselei,  and  Nariokotome)  originate  within  these 
ranges.  The  Lomogol,  which  rises  west  of  the  Labur  Range, 
flows  directly  northward  for  most  of  its  course,  but  turns  east 
at  Kokuro  to  debouch  into  Sanderson’s  Gulf.  Much  of  the 
area  is  covered  by  upper  Pleistocene  and  Recent  alluvium, 
but  there  are  many  exposures  of  Pliocene  and  Pleistocene 
sediments  that  crop  out  along  stream  courses  near  the  lake 
or  in  low  hills  farther  from  the  lake. 

STRATIGRAPHY 

Several  short  articles  documenting  local  sections  in  the  vi- 
cinity of  fossil  hominid  remains  have  been  published  (Harris 
and  Brown,  1985;  Brown  et  al.,  1985;  Walker  et  al.,  1986). 
It  was  possible  to  discuss  these  sections  in  regional  terms 
because  correlations  with  the  Shungura  Formation  in  the 
lower  Omo  Valley  and  with  the  Koobi  Fora  Formation  east 
of  the  lake  were  established  through  chemical  analysis  of 
volcanic  ash  layers  within  the  local  sections.  No  generalized 
account  of  the  stratigraphy  of  the  deposits  has  been  reported 
previously,  nor  has  a formal  stratigraphic  nomenclature  been 
established.  We  here  provide  a formal  stratigraphic  scheme 
for  the  region. 

Even  though  precise  correlations  can  be  made  with  both 


the  Shungura  and  Koobi  Fora  formations,  a new  formational 
name  for  the  geographically  separate  outcrops  along  the  west- 
ern side  of  the  lake  is  justified.  Some  stratigraphic  units  from 
west  of  Lake  Turkana  correlate  with  strata  of  the  Koobi  Fora 
Formation  that  are  absent  from  the  Shungura  Formation, 
whereas  others  correlate  with  strata  of  the  Shungura  For- 
mation that  are  absent  from  the  Koobi  Fora  region.  More- 
over, a separate  name  will  permit  other  workers  to  clearly 
convey  their  intent  to  discuss  the  fauna,  facies,  strata,  etc.  of 
this  particular  subregion  of  the  Turkana  Basin. 

Because  lithologic  contrasts  are  extreme  in  this  region,  one 
must  opt  whether  to  follow  the  precedent  set  for  the  Shungura 
and  Koobi  Fora  formations  by  using  volcanic  ash  layers  as 
marker  horizons  to  define  named  stratigraphic  intervals,  or 
to  emphasize  observed  major  changes  in  sedimentary  facies. 
New  units  are  defined  here  such  that  correlation  with  other 
established  stratigraphic  units  in  the  basin  is  straightforward 
and  precise,  hence  the  earlier  precedent  is  followed,  although 
this  is  not  wholly  satisfactory  for  the  geology  of  this  particular 
part  of  the  basin.  It  must  also  be  decided  whether  names 
applied  to  subdivisions  of  the  strata  should  be  those  applied 
to  other  strata  exposed  elsewhere  in  the  region,  or  if  a new 
system  of  subdivisions  should  be  established  referring  spe- 
cifically to  the  strata  exposed  in  the  immediate  area.  A hybrid 
between  the  two  might  be  preferable,  permitting  some  mem- 
bers that  are  lithologically  well  defined  to  extend  from  one 
formation  into  another  but  defining  new  members  where 
necessary  to  reflect  the  unequal  development  of  particular 
lithologies  from  one  part  of  the  basin  to  another.  Here  the 
third  option  is  followed,  defining  some  new  members  but 
retaining  other  member  names  that  had  been  previously  de- 
fined elsewhere. 

The  widely  dispersed  nature  of  the  exposures  west  of  Lake 
Turkana,  precludes  defining  the  strata  of  this  region  in  a single 
type  section.  However,  each  of  the  members  of  the  formation, 
as  proposed  below,  can  be  defined  in  a single  section,  and 
each  of  these  individual  sections  can  be  linked  by  volcanic 
ash  layers.  The  stratotype  of  the  formation  is  the  composite 
stratotype  of  the  eight  constituent  members  of  the  formation. 

There  are  few  permanent  settlements  or  prominent  topo- 
graphic features  in  the  region.  For  this  reason  discussion  of 
the  stratigraphy  is  made  with  reference  to  the  unpaved  major 
road  linking  Kalakol  (formerly  Ferguson’s  Gulf)  at  the  south 
of  the  area  with  Lowarengak  to  the  north,  and  to  the  ephem- 
eral rivers  (lagas)  draining  eastward  into  Lake  Turkana. 

NACHUKUI  FORMATION 

The  name  Nachukui  Formation  is  proposed  for  poorly  con- 
solidated sandstones,  siltstones,  claystones,  and  conglomer- 
ates exposed  west  of  Lake  Turkana  between  3°20'N  and  4°20'N 
latitude  that  rest  disconformably  on,  or  are  in  fault  contact 
with,  Miocene  volcanic  rocks  and  intercalated  sediments  and/ 
or  on  Precambrian  gneisses.  The  aggregate  thickness  of  these 
strata  is  on  the  order  of  730  m,  comparable  to  that  of  the 
Shungura  Formation  (de  Heinzelin,  1983),  and  of  the  Koobi 
Fora  Formation  (Brown  and  Feibel,  1986).  There  is  no  sat- 
isfactory name  for  the  entire  region  of  exposures  west  of  Lake 
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Turkana,  save  Turkana  itself,  but  this  name  has  been  applied 
to  both  Cretaceous  and  Miocene  sediments  in  the  area,  and 
is  not  available.  Consequently  the  formation  is  named  for 
an  ephemeral  stream,  the  Laga  Nachukui,  in  the  vicinity  of 
which  outcrops  typical  of  the  upper  half  of  the  formation  are 
found.  The  type  area  of  the  Nachukui  Formation  lies  west  of 
Lake  Turkana,  and  east  of  the  Labur  and  Murua  Rith  ranges 
(Fig.  1).  Exposures  of  Pliocene  and  Pleistocene  strata  im- 
mediately to  the  north  of  this  range  near  the  spring  of  Loruth 
Kaado  are  considered  by  us  to  be  part  of  the  Nachukui  For- 
mation, but  are  treated  separately  in  this  paper.  The  Nachu- 
kui Formation  is  divided  into  eight  members  on  the  basis  of 
volcanic  ash  layers  of  distinctive  chemical  composition.  In 
ascending  stratigraphic  order,  these  members  are  the  Lon- 
yumun,  Kataboi,  Lomekwi,  Lokalalei,  Kalochoro,  Kaitio, 
and  Nariokotome  members.  Locations  of  the  type  sections 
of  these  members  are  shown  on  Figure  2. 

Tuffs  have  been  used  to  subdivide  the  Nachukui  Forma- 
tion into  members  because  they  are  the  only  lithologic  units 
that  can  be  recognized  with  a high  degree  of  confidence  wher- 
ever they  occur  in  the  area.  In  fact  it  would  be  more  correct 
to  say  that  it  was  possible  to  create  the  Nachukui  Formation 
from  its  constituent  members  because  of  the  presence  of  the 
tuffs.  As  several  tuffs  must  be  newly  named  here,  the  sequence 
of  ash  layers  is  discussed  before  giving  descriptions  of  the 
members  of  the  Nachukui  Formation. 

TUFFS  OF  THE  NACHUKUI  FORMATION 

Much  of  our  understanding  of  stratigraph  ic  relations  between 
the  Shungura,  Koobi  Fora,  and  Nachukui  formations  results 
from  geochemical  study  of  the  glass  fraction  of  volcanic  ash 
layers  interbedded  within  these  deposits.  The  gross  character 
of  a particular  ash  layer  may  change  markedly  from  one  area 
to  another  within  the  region  — a tuff  may  be  be  present  as  a 
thick  channel  fill  at  one  locality,  but  as  a thin  air-fall  deposit 
at  another.  Hence  one  cannot  use  lithologic  characters  as  a 
basis  for  correlation  over  large  areas.  The  correlations  achieved 
thus  far  between  the  three  formations  rest  on  compositional 
data  on  1040  glass  separates  that  have  been  organized  into 
approximately  1 20  distinct  chemical  types.  Not  all  tuffs  have 
been  found  in  all  areas,  and  each  area  has  a number  of  ash 
layers  present  only  locally.  In  part  this  reflects  localized  de- 
position and  erosion  expected  in  terrestrial  settings,  and  sig- 
nals that  diastems  must  abound  in  all  sections.  Other  tuffs, 
however,  are  much  more  widespread,  and  it  is  usually  pos- 
sible to  place  the  more  geographically  restricted  tuffs  within 
a reasonably  narrow  stratigraphic  interval  with  respect  to 
these.  In  a few  cases,  however,  tuffs  of  distinctive  chemical 
composition  have  been  collected  and  analyzed  from  sections 
that  cannot  be  related  to  any  of  the  widespread  tuffs.  As  a 
result  it  is  not  possible  to  arrange  all  of  the  ash  layers  into  a 
single  ordered  sequence,  although  with  enough  analyses  in 


enough  local  sections  this  is  theoretically  possible,  provided 
sections  linking  all  ash  samples  are  somewhere  preserved  in 
the  basin. 

Below  we  summarize  information  on  43  tuffs  within  the 
Nachukui  Formation  known  to  be  of  distinctive  chemical 
composition,  or  stratigraphically  distinct  from  one  another. 
Some  of  these  are  confined  to  the  Nachukui  Formation,  but 
others  correlate  with  tuffs  exposed  elsewhere  in  the  Lake 
Turkana  Basin.  For  many  of  tuffs  of  this  latter  group  two 
designations  already  exist  — one  for  tuffs  in  the  Shungura  For- 
mation, the  other  for  tuffs  in  the  Koobi  Fora  Formation.  The 
tuffs  of  the  Shungura  Formation  have  been  referred  to  by  an 
alphanumeric  system  (de  Heinzelin,  1983)  rather  than  names, 
because  the  type  area  of  the  Shungura  Formation  has  few 
locally  named  geographic  features  that  could  be  used  in  nam- 
ing tuffs.  This  system  has  been  criticized  because  it  does  not 
follow  the  International  Stratigraphic  Guide,  but  for  the 
Shungura  Formation  the  system  has  proven  extremely  prac- 
tical because  the  designation  of  the  tuff  immediately  indicates 
its  stratigraphic  level.  Thus  one  need  not  memorize  a se- 
quence of  names.  It  seems  senseless  to  name  every  distinct 
tuff  unless  it  has  been  used  for  stratigraphic  subdivision, 
correlates  with  an  unnamed  tuff  known  elsewhere  in  the  ba- 
sin, or  has  been  dated.  In  deference  to  the  “Guide,”  and  for 
the  sake  of  uniformity,  those  tuffs  that  meet  any  of  the  above 
criteria  will  be  referred  to  by  a name  in  this  paper.  If  a tuff 
has  been  previously  named  from  the  Koobi  Fora  region,  that 
name  will  be  employed  here.  If  no  prior  name  (as  opposed 
to  an  alphanumeric  designation)  exists  for  a tuff  it  is  newly 
named  here.  If  a tuff  has  a prior  alphanumeric  designation, 
the  designation  of  the  Shungura  Formation  correlative  of  the 
named  tuff  is  placed  in  parentheses  immediately  following 
the  name  throughout  the  text.  Thus  Lokochot  Tuff  (=  A) 
implies  that  Tuff  A of  the  Shungura  Formation  is  considered 
correlative  with  the  Lokochot  Tuff  of  the  Koobi  Fora  and 
Nachukui  formations.  The  tuffs  are  discussed  below  in  strati- 
graphic order  from  the  base  of  the  formation  upward  utilizing 
the  member  names  stated  above.  The  analyses  in  Table  1 
are  arranged  stratigraphically  insofar  as  possible,  with  anal- 
yses of  the  youngest  ash  layers  at  the  top  of  the  table.  Most 
of  the  sample  locations  are  shown  on  Figure  2;  a generalized 
sequence  of  tephra  layers  is  shown  in  Figure  3 for  reference. 
Lithologic  descriptions  of  the  members  are  given  in  the  fol- 
lowing section. 

Only  one  volcanic  ash  layer  is  known  from  the  Lonyumun 
Member  of  the  Nachukui  Formation  (K82-721;  Table  1).  It 
is  0.5  m thick,  lenticular,  and  lies  about  3 m below  the  Moiti 
Tuff  in  a siltstone  section  exposed  in  a small  ephemeral  stream 
8 km  south  of  the  town  of  Kataboi. 

Seven  tuffs  are  known  from  the  Kataboi  Member,  five  of 
which  correlate  with  ash  layers  known  elsewhere  in  the  Tur- 
kana Basin,  or  at  more  distant  locales.  The  Moiti  Tuff  was 
defined  by  Ceding  and  Brown  (1982),  and  marks  the  base  of 


Figure  2.  Schematic  map  of  the  Nachukui  Formation  west  of  Lake  Turkana,  Kenya.  Localities  of  type  sections  of  members  of  the  formation 
are  shown,  as  are  locations  of  analyzed  tephra  samples  from  the  region.  Sample  numbers  are  given  on  the  figure  without  the  prefix  that 
designates  the  year  of  collection. 
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Table  1 . Compositional  data  on  tuffs  of  the  Nachukui  Formation  with  comparative  analyses  from  the  Koobi  Fora  (KF)  and  Shungura  formations. 


Sample  # Fe,0,  CaO  K,0  Ba  Mn  Nb  Rb  Sr  Ti  Y Zn  Zr  Location 


Kale  Tuff 


K81-508 

3.00 

K80-143 

3.01 

Upper  Nariokotome  Tuff 

K82-773 

4.00 

Middle  Nariokotome  Tuff 

K82-772 

3.85 

Lower  Nariokotome  Tuff 

K82-771 

4.80 

Unnamed  tuff 

K82-769 

6.09 

Naito  Tuff 

K82-764 

5.17 

ETH329 

5.39 

Chari  Tuff  (=  L) 

K82-786 

2.90 

77-23 

2.81 

TEC76-L 

2.70 

Unamed  tuff 

K82-785 

3.20 

Unnamed  tuff 

K84-2972 

1.31 

Koobi  Fora  Tuff 

K84-1888 

5.01 

K85-2274 

5.06 

Lower  Koobi  Fora  Tuff 

K84-2957 

5.15 

K80-163 

5.00 

Unnamed  tuff 

K82-784 

6.40 

Morutot  Tuff  (=  J-4) 

K82-766 

2.95 

K81-503 

2.85 

ANU83-32 

2.73 

228-3 

3.31 

Orange  Tuff 

K82-791 

2.10 

K80-237 

2.18 

Malbe  Tuff(=  H-4) 

K81-514 

4.76 

K80-225 

4.70 

76-H4B 

4.78 

KBS  Tuff  (=  H-2) 

K82-775 

3.05 

77-17 

3.09 

76-H2B 

3.00 

Tuffs  of  the  Nariokotome  Member 


0.18 

2.9 

<10 

950 

99 

90 

<5 

1028 

79 

153 

866 

Nakitokonon 

0.22 

2.5 

<10 

973 

104 

94 

<5 

1080 

79 

153 

874 

Area  7,  KF 

0.22 

3.4 

376 

1510 

108 

87 

<5 

1495 

91 

201 

1002 

Natoo 

0.22 

3.1 

364 

1 165 

123 

89 

5 

1518 

104 

221 

1081 

Natoo 

0.18 

4.1 

87 

1892 

109 

95 

26 

1770 

99 

240 

1023 

Natoo 

Tuffs  of  the  Natoo  Member 

0.30 

2.7 

813 

2095 

128 

79 

19 

1970 

105 

166 

1134 

Natoo 

0.24 

2.8 

622 

1714 

109 

80 

14 

1654 

97 

249 

1005 

Lokapetamoi 

0.27 

3.3 

682 

1705 

120 

81 

18 

2094 

109 

240 

1 101 

Naito,  Omo 

0.19 

2.9 

225 

696 

99 

105 

6 

1 105 

100 

193 

1074 

Kaitio 

0.18 

3.3 

223 

564 

103 

102 

5 

1093 

102 

190 

1085 

Area  1,  KF 

0.18 

4.4 

225 

518 

102 

107 

7 

1056 

101 

183 

1106 

Kalam;  Omo 

0.19 

3.1 

203 

762 

1 14 

110 

<5 

1172 

1 10 

213 

1155 

Kaitio 

0.29 

3.9 

1059 

488 

79 

123 

203 

1440 

70 

96 

302 

Nariokotome 

0.17 

2.8 

<10 

1829 

225 

142 

<5 

1886 

117 

258 

1484 

Loruth  Kaado 

0.19 

2.9 

<10 

1859 

239 

136 

<5 

1881 

132 

276 

1665 

Area  103,  KF 

0.28 

2.5 

75 

1454 

139 

108 

<5 

2054 

106 

224 

1104 

Nariokotome 

0.37 

2.1 

35 

1485 

142 

108 

12 

2064 

99 

215 

1096 

Area  103,  KF 

Tuffs  of  the  Kaitio 

Member 

0.19 

2.3 

<10 

2534 

312 

172 

<5 

2217 

156 

353 

1994 

Kaitio 

0.34 

4.2 

216 

701 

147 

91 

<5 

1049 

1 10 

201 

1005 

Natoo 

0.33 

4.9 

168 

853 

160 

97 

<5 

1049 

117 

211 

1013 

Lowarengak 

0.34 

4.9 

193 

721 

153 

95 

<5 

1462 

111 

207 

1022 

Area  131,  KF 

0.43 

3.5 

262 

816 

141 

84 

<5 

1321 

102 

196 

1176 

Ilgwa,  Omo 

0.40 

3.3 

<10 

421 

84 

159 

10 

708 

70 

90 

481 

Nachukui 

0.46 

4.6 

39 

457 

80 

145 

6 

1002 

68 

83 

543 

Area  107,  KF 

0.91 

2.5 

51 

1858 

158 

99 

20 

3240 

99 

210 

1121 

Nachukui 

0.38 

3.0 

61 

1897 

139 

103 

<5 

3353 

82 

194 

996 

Area  1 12,  KF 

0.34 

4.3 

253 

1934 

152 

119 

16 

3067 

95 

212 

1082 

Shungura,  Omo 

0.18 

3.3 

27 

869 

196 

172 

<5 

1178 

129 

227 

1233 

Kaitio 

0.23 

3.2 

30 

843 

194 

165 

7 

1297 

129 

253 

1239 

Area  105,  KF 

0.17 

3.8 

89 

825 

191 

174 

7 

1205 

131 

230 

1319 

Shungura,  Omo 
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Table  1.  Continued. 


Sample  # 

•e,0, 

CaO 

K,0 

Ba 

Mm 

Nb 

Rb 

Sr 

Ti 

Y 

Zn 

Zr 

Location 

Tuffs  of  the  Kalochoro  Member 

Kangaki  Tuff 

K82-739 

3.60 

0.16 

2.3 

11 

1523 

204 

170 

<5 

1318 

104 

209 

1535 

Kangaki 

Unnamed  Tuff 

K82-738 

6.19 

0.19 

1.7 

54 

2512 

226 

226 

69 

1175 

134 

260 

1632 

Kangaki 

K82-741 

6.32 

0.18 

1.1 

<10 

1805 

250 

80 

<5 

1 1 16 

151 

262 

1689 

Kokiselei 

Unnamed  Tuff 

K82-740 

4.75 

0.20 

1.5 

<10 

1736 

192 

104 

<5 

1796 

110 

216 

1423 

Kokiselei 

K82-737 

4.70 

0.2  i 

2.1 

19 

1681 

198 

81 

<5 

1858 

1 1 1 

223 

1449 

Kokiselei 

Unnamed  Tuff 

K84-1849 

6.18 

0.22 

1.4 

<10 

2260 

407 

72 

8 

1446 

236 

393 

3007 

Kalochoro 

Ekalalei  Tuff(=  F-l) 

K85-2614 

4.75 

0.21 

1.2 

<10 

1772 

203 

117 

<5 

1807 

119 

217 

1479 

Lokalalei 

K86-3022 

4.43 

1711 

196 

90 

<5 

108 

1409 

Nachukui 

ETH-228 

4.67 

0.21 

1.9 

12 

1606 

188 

73 

1 1 

1593 

104 

215 

1377 

Shungura,  Omo 

Kalochoro  Tuff  ( = 

= F) 

ET-51 

4.63 

0.18 

2.0 

<10 

1514 

169 

95 

<5 

1537 

129 

272 

1394 

Shungura,  Omo 

K84-1848 

4.57 

0.19 

1.6 

<10 

1517 

179 

107 

<5 

1781 

134 

273 

1476 

Kalochoro 

ET-53 

4.77 

0.18 

1.8 

<10 

1542 

192 

91 

<5 

1469 

146 

272 

1638 

Shungura,  Omo 

Tuffs  of  the  Lokalalei  Member 

Unnamed  tuff 

K82-780 

2.36 

0.29 

2.4 

509 

1290 

109 

112 

10 

1913 

82 

140 

854 

Kaitio 

Nalukuwoi  Tuff  ( 

= E-4) 

K82-779 

4.30 

0.19 

2.0 

<10 

1447 

152 

103 

<5 

1504 

1 1 1 

223 

1213 

Kaitio 

K85-2662 

4.36 

0.22 

1.1 

<10 

1478 

150 

93 

<5 

1516 

1 14 

215 

1237 

Lomekwi 

ET-103 

4.67 

0.16 

2.6 

<10 

1583 

147 

104 

<5 

2001 

105 

206 

1246 

Shungura,  Omo 

Unnamed  tuff 

K82-777 

4.95 

0.19 

2.0 

16 

1706 

147 

83 

<5 

2145 

101 

210 

1 185 

Kaitio 

Kokiselei  Tuff  (= 

E) 

K85-26 1 5 

6.10 

0.22 

1.2 

29 

2406 

172 

107 

<5 

2249 

130 

261 

1359 

Lokalalei 

ET-45 

6.11 

0.20 

1.5 

<10 

2402 

168 

72 

<5 

2276 

128 

279 

1338 

Shungura,  Omo 

Unnamed  tuff 

K82-729 

5.90 

0.13 

1.1 

<10 

2058 

354 

109 

<5 

1368 

214 

362 

2813 

Lomekwi 

Unnamed  tuff 

K85-2654 

3.13 

0.37 

1.8 

117 

1559 

74 

65 

12 

3213 

64 

136 

557 

Lomekwi 

Lokalalei  Tuff  (= 

D) 

K84-2934 

3.45 

0.19 

1.8 

<10 

1337 

179 

151 

<5 

1333 

102 

178 

1414 

Lokalalei 

K82-2635 

3.12 

0.14 

1.5 

<10 

1429 

171 

1 17 

5 

1708 

99 

168 

1332 

Kangatukuseo 

ET-35 

3.15 

0.12 

3.7 

<10 

1240 

174 

154 

<5 

1304 

95 

165 

1321 

Shungura,  Omo 

80-275 

3.58 

0.15 

1.7 

<10 

1388 

169 

159 

<5 

1384 

95 

201 

1233 

Area  207,  KF 

K82-2657 

3.41 

0.19 

2.2 

<10 

1327 

161 

140 

<5 

1579 

88 

153 

1169 

Lomekwi 

Unnamed  tuff 


Tuffs  of  the  Lomekwi  Member 


K85-2652 
Emekwi  Tuff  (= 

2.69 

C-9) 

0.19 

1.8 

10 

1301 

101 

90 

<5 

2141 

74 

134 

816 

Lomekwi 

K82-2674 

5.19 

0.22 

1.2 

<10 

1834 

193 

1 16 

<5 

1871 

112 

261 

1382 

Lokalalei 

ET-77 
Waru  Tuff 

5.1 1 

0.18 

2.0 

<10 

1782 

197 

80 

<5 

1847 

114 

249 

1417 

Shungura,  Omo 

K85-2604 

5.28 

0.25 

1.9 

<10 

1674 

109 

109 

<5 

1945 

120 

209 

1006 

Topemawi 

K82-1372 

5.29 

0.23 

2.0 

1 1 

1640 

106 

125 

<5 

1819 

116 

206 

972 

Area  207,  KF 
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Table  1.  Continued. 


Sample  # Fe203 


Unnamed  tulT 


K82-750 

3.59 

Tulu  Bor-/3  Tuff  ( 

= B/i) 

K85-2598 

1.66 

K80-177 

1.56 

ET-89 

1.62 

Tulu  Bor-a  Tuff  ( 

= Ba) 

K85-2597 

1.39 

K81-479 

1.37 

Tuff  B« 

1.41 

Kaado  Tuff 

K84-1874 

2.53 

K84-1584 

2.68 

Lokochot  Tuff  ( = 

A) 

K81-532 

3.59 

K80-291 

3.51 

Tuff  A 

3.70 

Loruth  Tuff 

K82-746 

2.87 

K8 1-481 

2.91 

Unnamed  tuff 

K85-2860 

3.32 

Unnamed  tuff 

K82-742 

4.40 

Topernawi  Tuff 

K85-2709 

2.81 

K85-2726 

2.45 

Moiti  Tuff 

K85-2594 

2.80 

K8 1-602 

2.70 

Unnamed  TulT 
K82-721  4.26 


CaO 

K,0 

Ba 

Mn 

Nb 

Rb 

Sr 

Ti 

Y 

Zn 

Zr 

Location 

0.1 1 

3.0 

10 

990 

206 

243 

<5 

907 

147 

314 

1666 

Loruth  Kaado 

0.35 

3.3 

177 

459 

81 

118 

7 

940 

59 

76 

381 

Nasechebun 

0.31 

3.3 

134 

392 

85 

115 

5 

962 

63 

73 

386 

Area  1 17,  KF 

0.29 

3.5 

1 14 

372 

85 

132 

6 

874 

64 

73 

367 

Shungura,  Omo 

0.49 

3.4 

413 

278 

75 

121 

27 

1214 

55 

55 

283 

Nasechebun 

0.47 

4.3 

399 

248 

72 

1 14 

22 

1196 

52 

59 

266 

Area  250,  KF 

0.55 

3.2 

416 

283 

75 

148 

33 

1364 

55 

55 

288 

Shungura,  Omo 

Tuffs  of  the  Kataboi  Member 

0.32 

3.5 

18 

984 

94 

70 

<5 

1814 

70 

128 

816 

Loruth  Kaado 

0.23 

3.0 

38 

1170 

97 

62 

6 

2095 

73 

178 

796 

Area  1 17,  KF 

0.18 

2.8 

103 

806 

146 

127 

5 

1209 

133 

244 

1369 

Nasechebun 

0.18 

3.3 

121 

809 

146 

126 

<5 

1233 

135 

233 

1360 

Area  250,  KF 

0.21 

3.1 

109 

828 

153 

132 

7 

1285 

140 

255 

1419 

Shungura,  Omo 

0.44 

3.9 

19 

598 

87 

150 

16 

1407 

69 

132 

683 

Loruth  Kaado 

0.36 

3.1 

<10 

572 

78 

146 

<5 

1086 

68 

131 

673 

Area  250,  KF 

0.18 

2.4 

893 

898 

108 

80 

33 

1634 

94 

132 

833 

Topernawi 

0.21 

2.5 

<10 

1533 

161 

143 

<5 

1581 

110 

204 

1 136 

Loruth  Kaado 

0.20 

3.3 

<10 

828 

139 

158 

<5 

1 118 

99 

142 

918 

Lomekwi 

0.46 

3.9 

137 

1092 

101 

1 18 

8 

2194 

71 

123 

778 

Area  254,  KF 

0.24 

3.0 

395 

695 

1 17 

95 

11 

1186 

112 

227 

1058 

Nasechebun 

0.18 

4.2 

401 

618 

122 

97 

<5 

1063 

114 

235 

1099 

Area  260,  KF 

Tuff  of  the  Lonyumun  Member 

0.30 

2.0 

14 

1296 

115 

89 

<5 

1627 

95 

174 

1030 

S of  Kataboi 

the  Kataboi  Member.  It  is  an  extremely  widespread  ash  layer, 
known  from  the  Koobi  Fora  and  Nachukui  formations  in 
the  Turkana  Basin,  from  the  deep  sea  in  the  Gulf  of  Aden 
(Sarna-Wojcicki  et  ah,  1 985),  the  Somali  Basin  (unpublished 
data),  and  the  region  between  North  Horr  and  Loiyengalani 
on  the  western  edge  of  the  Chalbi  Desert  (Brown  et  ah,  in 
prep.).  A similar  ash  has  been  reported  in  the  upper  part  of 
the  Omo  River  valley  by  W[olde]-Gabriel  and  Aronson 
(1987),  where  it  is  much  thicker  than  in  the  Turkana  Basin. 
In  the  Nachukui  Formation,  the  Moiti  Tuff  is  discontin- 
uous^ exposed  from  Topernawi  southward  to  Kaloku- 
jiamwe.  It  has  been  dated  at  4. 10  ± 0.07  Ma  by  McDougall 
(1985). 

A thick  sandstone  between  Laga  Topernawi  and  the  upper 
course  of  the  northern  branch  of  Lomekwi  contains  a tuff- 
aceous  band  3-5  m above  its  base  with  pumice  clasts  up  to 


10  cm  in  maximum  dimension.  This  tuff  is  here  named  the 
Topernawi  Tuff,  with  its  type  locality  in  the  Lomekwi  drain- 
age (sample  K86-2709;  Fig.  2).  It  is  probable  that  this  tuff 
correlates  with  a tuff  that  demonstrably  lies  between  the  Moi- 
ti and  Lokochot  (=  A)  tuffs  of  the  Koobi  Fora  Formation  in 
Area  254  of  the  Koobi  Fora  region.  There  it  consists  of  a 
coarse  ash  with  well-developed  current  cross-bedding,  and 
is  obviously  reworked.  K/Ar  determinations  on  this  tuff  are 
consistent  with  its  position,  and  will  be  reported  elsewhere 
(Feibel,  Brown,  and  McDougall,  in  prep.)  along  with  sup- 
porting data. 

Two  tuffs  (K82-742  and  K85-2860)  are  known  only  from 
the  Nachukui  Formation,  and  are  not  named  here.  K82-742 
is  a lenticular  tuff  that  lies  about  10  m below  the  Lokochot 
Tuff  (=  A)  at  Loruth  Kaado.  K85-2860  is  a sample  of  a 
lenticular  tuff  known  only  where  it  fills  a channel  to  a depth 
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of  7.8  m in  exposures  between  the  Laga  Kataboi  and  the  Laga 
Topernawi.  There  it  lies  9 m below  the  Lokochot  Tuff  (=  A), 
but  disappears  laterally.  The  relative  order  of  these  two  teph- 
ra  layers  is  not  known  with  certainty. 

A second  section  of  Loruth  Kaado  includes  a vitric  tuff 
(K82-746)  0.5  m thick  which  lies  2 m below  the  Lokochot 
Tuff  (=  A).  It  correlates  with  a tuff  (K8 1-481)  exposed  in 
Area  250  at  Koobi  Fora  where  it  lies  4 m below  the  Lokochot 
Tuff  (=  A).  This  tuff  is  here  named  the  Loruth  Tuff;  the  type 
locality  is  the  exposure  at  Loruth  Kaado. 

The  Lokochot  Tuff(=  A)  was  defined  by  Ceding  and  Brown 
(1982)  in  the  Koobi  Fora  Formation.  It  was  described  in  that 
paper,  and  it  was  also  demonstrated  that  Tuff  A of  the  Shun- 
gura  Formation  is  its  lateral  equivalent.  Subsequently  it  was 
found  that  the  Lokochot  Tuff  (=  A)  is  present  in  deep-sea 
sediments  of  the  Gulf  of  Aden  (Sarna-Wojcicki  et  al.,  1985), 
and  in  Pliocene  exposures  located  south  of  Lothagam  (Brown 
et  ah,  1985).  In  the  Nachukui  Formation  the  Lokochot  Tuff 
(=  A)  is  discontinuously  exposed  from  Kokiselei  to  Nase- 
chebun  (see  Table  1). 

Below  the  Tulu  Bor  Tuff  (=  B)  at  Loruth  Kaado  is  a vitric 
tuff  (K84-1874)  12  m thick,  which  we  name  here  the  Kaado 
Tuff,  after  the  type  locality  at  Loruth  Kaado.  It  is  separated 
from  the  Tulu  Bor  Tuff  by  2.7  m of  olive-gray  claystone. 
Compositionally  it  is  very  similar  to  a tuff  (K83-1584)  ex- 
posed in  an  isolated  section  in  Area  1 17  at  Koobi  Fora,  and 
correlation  between  these  two  units  is  probable.  This  is  the 
highest  volcanic  ash  layer  known  in  the  Kataboi  Member  of 
the  Nachukui  Formation. 

Six  tephra  layers  are  known  from  the  Lomekwi  Member. 
The  lowest  two  of  these  are  the  two  types  of  Tulu  Bor  Tuff 
(=  B)  designated  a-Tulu  Bor  (=  Ba)  and  /3-Tulu  Bor  (=  B[3) 
tuffs  by  Ceding  and  Brown  (1982),  where  it  was  also  shown 
that  the  Tulu  Bor  tuffs  (=  B)  correlate  with  Tuffs  B-a  and 
B-/3  of  the  Shungura  Formation.  Comparative  analyses  are 
given  in  Table  1.  In  the  Nachukui  Formation  the  Tulu  Bor 
Tuffs  are  known  from  Loruth  Kaado,  and  from  exposures 
between  Lomekwi  and  Nasechebun.The  /3-Tulu  Bor  Tuff  has 
been  correlated  with  the  Sidi  Hakoma  Tuff  of  the  Hadar 
Formation  in  Ethiopia  by  Brown  (1982),  and  has  been  iden- 
tified in  deep-sea  sediments  of  the  Gulf  of  Aden  (Sarna- 
Wojcicki  et  al.,  1985).  An  unnamed  tuff  (K82-750)  exposed 
at  Loruth  Kaado  lies  about  2 m above  the  Tulu  Bor  Tuff 
there.  This  is  its  only  known  occurrence. 

A fine  sand  section  on  the  south  bank  of  the  laga  Topernawi 
5 km  west  of  the  road  contains  a tuffaceous  interval,  glass 
shards  from  which  (K85-2604)  are  compositionally  identical 
to  those  from  a tuff  (K82-1372)  cropping  out  in  Area  207  of 
the  Koobi  Fora  region  (Brown  and  Feibel,  1986).  This  tuff 
lies  5 m stratigraphically  above  the  base  of  the  Allia  Tuff, 
and  is  here  named  the  Waru  Tuff,  after  Kolom  Waru,  a small 
stream  in  the  Allia  Bay  region  at  Koobi  Fora.  In  its  type 
section  the  Waru  Tuffis  8-10  cm  thick,  unbedded,  and  com- 
posed predominantly  of  flat  and  bubble-junction  shards. 

The  Emekwi  Tuff  (=  C-9),  newly  named  here  (see  below), 
is  exposed  only  in  the  southern  branch  of  the  Laga  Lokalalei, 
where  it  is  a medium  to  dark  gray  vitric  tuff  1 m thick  with 
small-scale  cross-laminations  (sample  K82-2674).  It  rapidly 


NACHUKUI  FORMATION 


NARIOKOTOME 

MEMBER 


NATOO 

MEMBER 


KAITIO 

MEMBER 


KALOCHORO 

MEMBER 


LOKALALEI 

MEMBER 


LOMEKWI 

MEMBER 


KATABOI 

MEMBER 


vvvvvvvvvv---KALE  TUFF 
wvwvww--- UPPER  NARIOKOTOME  TUFF 
wwvwwv—MIDDLE  NARIOKOTOME  TUFF 
wwwvwv— LOWER  NARIOKOTOME  TUFF 
vvvvvvvvvv — K82-769 
VVVVVWVW---NAITO  TUFF  (-L-3) 
vvvvvvvvvv---CHARI  TUFF  («=L) 
vvvvvvvvvv  - - - K 82  - 785 
vvvvvvvvvv--  - K84-2792 
vwwwwv—  KOOBI  FORA  TUFF 
vvvvvvvvvv— LOWER  KOOBI  FORA  TUFF 
VVVVVWVVV---K82-784 
VVVVVVVWV---MORUTOT  TUFF  (-J-4) 
vwvvwvw— ORANGE  TUFF 
VVVVVWVVV---MALBE  TUFF  (-H-4) 
VVVVVVWVV---KBS  TUFF  (=  H-2) 
VVVVVVWVV---KANGAKI  TUFF 
VVVVVVVVW---K82-738 
vvvvvvvvvv  - - -K82 -737 
VVVVWVVVV---K84-1849 
VVVVWVVVV---EKALALEI  TUFF  (*=F-1) 
vwvwvwv-  -KALOCHORO  TUFF  (-F) 
vvvvvvvvvv- --K82-780 
VVVVVVWVV---NALUKUWOI  TUFF  (-E-4) 
vvvvvvvvvv  - - -K82-777 
VVVVVVVWV---KOKISELEI  TUFF  (=»E) 
vvvvvvvvvv  - - -K82-729 
vvvvvvvvvv  - - -K85  - 2654 
VVWVVWW---LOKALALEI  TUFF  (o  D) 
VVVVWVVVV  -K85-2652 
VVVVVWVVV---EMEKWI  TUFF  (-C-9) 
VVVVVVVVW---WARU  TUFF 
vvvvvvvvvv- --K82-750 
vvvvvvvvvv— B-TULU  BOR  TUFF  (-BB) 
vvvvvvvvvv — a-TULU  BOR  TUFF  (=Ba) 
VWVVVWVV--KAADO  TUFF 
vwvwvwv— LOKOCHOT  TUFF  (-A) 
vwvvvvvvv— LORUTH  TUFF 
vvvvvvvvvv--  - K85-2860 
VVVVWVVVV---K82-742 
wwwvwv— TOPERNAWI  TUFF 
VVVVVWWV---MOITI  TUFF 


LONYUMUN 

vvvvvvvvvv  - --K82-721 

MEMBER 


Figure  3.  Schematic  section  through  the  Nachukui  Formation 
showing  the  sequence  of  analyzed  tuffs. 
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thins  laterally  to  30  cm.  There  is  little  question  that  it  cor- 
relates with  one  of  the  tuffs  of  Submember  C-9  of  the  Shun- 
gura  Formation  (see  Table  1).  Five  meters  above  it,  along 
the  southern  branch  of  the  Laga  Lokalalei  lies  another  thin 
unnamed  tuff  of  distinctive  composition  (K85-2652)  that  is 
widely  exposed  near  the  top  of  the  section  at  Lomekwi.  This 
latter  tuff  lies  4 m below  the  Lokalalei  Tuff  (=  D)  along  Laga 
Lokalalei. 

At  exposures  adjacent  to  the  Lokalalei  drainage  there  is  a 
30-cm-thick  vitric  tuff  that  crops  out  discontinuously  as  far 
south  as  the  Laga  Kangatukuseo.  It  is  quite  variable  in  gross 
character.  At  Lokalalei  it  was  deposited  over  a dark  brown 
claystone,  and  is  massive.  At  Lomekwi  it  was  deposited  and 
redeposited  over  an  interval  of  about  6 m of  section  in  chan- 
nels commonly  with  Etheria  at  the  base.  There  it  contains 
lenses  of  pumice  gravel  with  clasts  up  to  20  cm  in  diameter. 
This  tuff  is  compositionally  indistinguishable  from  Tuff  D 
of  the  Shungura  Formation,  and  is  here  named  the  Lokalalei 
Tuff  (=  D).  Partial  chemical  analyses  of  this  tuff  have  been 
published  previously  by  Harris  and  Brown  (1985).  It  also 
correlates  with  the  informally  designated  "upper  Burgi  T uff  ” 
of  Ceding  and  Brown  (1982),  and  the  name  Lokalalei  Tuff 
should  now  be  applied  to  that  tuff  (see  Table  1).  The  best 
age  estimate  for  this  tuff  based  on  K/Ar  determinations  is 
2.52  ± 0.05  Ma  (Brown  et  al.,  1985).  Nine  meters  above  the 
Lokalalei  Tuff  at  Lomekwi  is  an  unnamed  vitric  tuff  0.7  m 
thick  that  is  known  only  from  this  locality  (sample  K85- 
2654). 

About  1 8 m above  the  Lokalalei  Tuff  at  Lokalalei  is  another 
vitric  tuff  composed  of  distinctive  dark  gray  glass  shards. 
This  tuff  is  compositionally  indistinguishable  from  Tuff  E of 
the  Shungura  Formation,  and  is  here  named  the  Kokiselei 
Tuff  (=  E).  The  Kokiselei  Tuff  is  discontinuously  exposed 
from  Kaitio  to  Lomekwi  in  the  Nachukui  Formation. 

Above  the  Kokiselei  Tuff  along  the  Laga  Kaitio  near  the 
lake  there  are  three  tuffs  (samples  K82-777,  -779,  and  -780; 
Table  1)  that  lie  7 m,  15  m,  and  22  m,  respectively,  above 
the  Kokiselei  Tuff  (=  E)  in  the  upper  Lokalalei  Member. 
K82-779  (the  middle  one  of  the  three)  correlates  with  a tuff 
in  Submember  E-4  of  the  Shungura  Formation,  and  is  here 
named  the  Nalukuwoi  Tuff,  after  the  laga  of  that  name  im- 
mediately south  of  Laga  Kaitio.  The  Nalukuwoi  Tuff  is  also 
known  from  the  northern  part  of  the  Lomekwi  drainage  (sam- 
ple K8 5-2662).  The  other  two  tuffs  are  not  named  as  they 
are  known  only  from  this  locality. 

Six  tephra  layers  are  known  from  the  Kalochoro  Member. 
The  lowest  of  these  is  the  Kalochoro  Tuff  (=  F).  This  tuff  is 
1.4-1. 7 m thick,  and  contains  pumice  clasts  up  to  3 cm  in 
diameter.  It  is  compositionally  indistinguishable  from  Tuff 
F of  the  Shungura  Formation.  Its  reference  locality  in  the 
Nachukui  Formation  is  the  exposure  along  the  Laga  Kalo- 
choro, but  it  is  also  exposed  on  the  north  bank  of  the  Laga 
Nachukui  at  the  road  crossing.  Tuff  F of  the  Shungura  For- 
mation has  been  dated  at  2.35  ± 0.05  Ma  by  Brown  et  al. 
(1985). 

Approximately  4 m above  the  Kalochoro  Tuff  on  the  south 
bank  of  the  Laga  Nachukui  is  another  tuff  that  is  composi- 
tionally very  similar  to  the  Kalochoro  Tuff,  but  distinct.  This 


tuff  correlates  with  TuffF-1  of  the  Shungura  Formation,  and 
is  here  named  the  Ekalalei  Tuff  (=  F-l).  The  type  locality  is 
taken  as  the  section  at  Lokalalei  where  the  type  section  of 
the  Lokalalei  Member  was  measured  (see  Fig.  8). 

About  8 m above  the  Kalochoro  Tuff  at  its  type  locality 
is  another  tuff  (K84-1849).  This  tuff  is  lenticular,  and  its 
thickness  ranges  from  0 to  5.5  m where  exposed  along  the 
Laga  Kalochoro.  There  it  is  small-scale  cross-laminated  and 
contains  abundant  calcified  root  casts.  A possible  correlate 
is  found  at  Lokalalei;  this  tephra  layer  remains  unnamed. 

Three  other  tuffs  belong  to  the  Kalochoro  Member,  only 
the  uppermost  of  which  is  named.  These  tuffs  are  exposed 
only  along  the  Lagas  Kalochoro  and  Kangaki.  Analyses  are 
given  in  Table  1 (see  uppermost  tuffs  of  Kalochoro  Member). 
The  uppermost  is  here  named  the  Kangaki  Tuff.  It  contains 
pumice  clasts  that  may  prove  datable.  The  type  locality  of 
this  tuff  is  along  the  Laga  Kangaki,  where  it  is  a very  pale 
gray,  fine-grained  tuff  2.4  m thick  (see  Fig.  2). 

Five  tuffs  are  known  from  the  Kaitio  Member,  four  of 
which  correlate  with  tephra  layers  elsewhere  in  the  basin. 
The  KBS  (=  H-2)  and  Malbe  (=  H-4)  Tuffs  are  well  known, 
and  need  little  discussion  (see  Ceding  and  Brown,  1982).  In 
most  exposures  in  the  Nachukui  Formation  they  are  altered 
to  clay.  The  KBS  (=  H-2)  and  Malbe  (=  H-4)  tuffs  are  very 
securely  dated  at  1.88  ± 0.02,  and  1.87  ± 0.02  Ma  by 
McDougall  ( 1 985). 

The  Orange  Tuff  has  been  referred  to  informally  as  such 
since  Bowen  discovered  it  in  Area  131  at  Koobi  Fora.  In 
subsequent  work  it  was  identified  in  Area  107  at  Koobi  Fora, 
and  also  exists  in  the  upper  part  of  the  Nachukui  drainage 
in  the  Nachukui  Formation  (K82-791).  We  here  formally 
name  it  the  Orange  Tuff  because  in  its  type  area  (Area  131, 
Koobi  Fora)  it  is  orange. 

A thick  tuff  (5  m)  is  well  exposed  at  Nanyangakipi,  at 
Lowarengak,  and  at  Natoo,  and  is  very  useful  as  a mapping 
unit  in  this  area.  This  tuff  is  composed  of  coarse  bubble 
junction  and  striated  glass  shards,  and  at  Nanyangakipi  it 
contains  occasional  pumice  clasts  up  to  8 cm  in  diameter.  It 
is  compositionally  similar  to  Tuff  J-4  of  the  Shungura  For- 
mation, and  is  here  named  the  Morutot  Tuff  (=  J-4),  with 
the  type  area  specified  as  Nanyangakipi.  Pumices  whose 
chemical  composition  match  that  of  the  Morutot  Tuff  (=  J-4) 
(Brown  and  Feibel,  1985)  have  been  dated  at  1.65  ± 0.02 
by  McDougall  et  al.  (1985). 

The  highest  tuff  assigned  to  the  Kaitio  Member  is  an  un- 
named tuff  (K82-784)  that  lies  only  5 m below  the  Lower 
Koobi  Fora  Tuff  along  the  Laga  Kaitio.  It  is  only  10  cm  thick, 
and  appears  massive.  It  is  known  only  from  this  exposure 
and  from  exposures  along  the  Laga  Kalochoro. 

The  basal  tuff  of  the  Natoo  Member  is  the  Lower  Koobi 
Fora  Tuff,  defined  by  Brown  and  Feibel  (1985).  Six  additional 
tuffs  have  been  analyzed  from  the  Natoo  Member,  only  two 
of  which  are  known  elsewhere  in  the  Turkana  Basin.  The 
lowest  of  these  is  likely  the  Koobi  Fora  Tuff  (see  Brown  and 
Feibel,  1985),  and  is  known  only  from  Loruth  Kaado  in  low 
outcrops  east  of  the  road  there. 

An  unnamed,  but  very  distinctive  tuff (K84-2972)  is  locally 
useful  from  Nariokotome  to  Kalochoro  where  it  outcrops 
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discontinuously.  It  lies  7 m above  the  Lower  Koobi  Fora 
Tuff  at  the  road  crossing  on  the  Laga  Nariokotome.  There  it 
is  1.3  m thick  and  contains  sparse  mollusks  near  its  base.  It 
is  essentially  the  same  composition  as  the  Tulu  Bor  Tuff, 
with  which  it  could  be  confused  in  the  absence  of  analyses 
of  other  tuffs  related  stratigraphically  to  it,  or  other  infor- 
mation concerning  its  age.  K82-735  is  a sample  of  an  un- 
named vitric  tuff  that  lies  35  m below  the  Chari  Tuff  in 
exposures  along  Laga  Kaitio.  It  is  5 cm  thick  and  known 
only  from  this  locality. 

The  Chari  Tuff(=  L)  is  well  known;  a definitive  description 
was  given  by  Cerling  and  Brown  (1982).  It  is  known  to  cor- 
relate with  Tuff  L of  the  Shungura  Formation,  and  thus  far 
has  only  been  identified  at  two  localities  in  the  Nachukui 
Formation  — along  the  Laga  Nariokotome  and  along  the  Laga 
Kaitio.  In  the  latter  locality  it  contains  pumice  clasts  to  20 
cm  although  the  ash  layer  itself  is  only  10  cm  thick.  The 
Chari  Tuff  has  been  very  securely  dated  at  1.39  ± 0.01  Ma 
by  McDougall  (1985). 

The  Naito  Tuff  (L-3),  named  here,  is  the  highest  tuff  known 
from  the  Kaitio  Member.  It  correlates  with  a tuff  that  lies  9 
m above  Tuff  L in  the  Shungura  Formation,  and  has  been 
ascribed  to  Submember  L-3  of  the  Shungura  Formation  by 
de  Heinzelin  (1983).  The  type  locality  is  taken  as  Naito,  a 
regional  name  for  low  hills  about  3 km  NNW  of  Namaruputh 
in  Ethiopia  near  the  southern  extent  of  the  Shungura  For- 
mation. In  the  Nachukui  Formation  it  is  thus  far  known  only 
as  a very  pure  ash  layer  20  cm  thick  at  Lokapetamoi  where 
it  lies  3 m below  the  Lower  Nariokotome  Tuff  (see  below). 

On  the  south  bank  of  Nariokotome,  0.5  km  west  of  the 
road  crossing,  there  is  a cliff  which  exposes  a siltstone  se- 
quence that  contains  two  tuffs  in  a section  about  10  m thick 
called  the  Nariokotome  Tuff  complex.  The  basal  tuff  in  this 
sequence  is  named  the  Lower  Nariokotome  Tuff.  It  is  24  cm 
thick,  poorly  consolidated,  composed  of  bubble-junction  and 
bubble-wall  shards,  contains  rounded  pumice  clasts  up  to  20 
cm  in  diameter,  and  grades  upward  from  very  coarse  grained 
ash  to  fine-grained  ash.  Locally  it  is  a very  useful  marker 
bed.  Along  Laga  Natoo  the  Nariokotome  Tuff  Complex  is 
only  7 m thick,  but  here  three  thin  vitric  tuffs  are  found  in 
sequence.  The  central  tuff  is  here  named  the  Middle  Na- 
riokotome Tuff.  It  is  8 cm  thick,  but  otherwise  similar  to  the 
Lower  Nariokotome  Tuff.  A third  vitric  tuff  lies  at  the  top 
of  the  complex,  is  again  similar  to  the  two  underlying  tuffs 
in  overall  aspect,  but  is  10  cm  thick,  and  is  here  named  the 
Upper  Nariokotome  Tuff.  These  tuffs  are  compositionally 
only  slightly  distinct  from  one  another,  but  sufficiently  so 
that  they  cannot  be  confused  if  only  one  is  present.  The 
sediments  which  intervene  between  the  tuffs  are  tuffaceous 
fine  sandstones  and  siltstones  that  are  distinctly  laminated 
and  contain  fish  bones  and  carbonate  concretions.  Near  the 
divide  between  the  northern  branch  of  Laga  Nachukui  and 
Laga  Nariokotome,  the  Lower  Nariokotome  Tuff  occurs  in 
a conglomeratic  section  where  it  contains  accretionary  lapilli 
5 mm  in  diameter  throughout  its  1-m  thickness.  The  Lower 
Nariokotome  Tuff  has  been  dated  at  1.33  ± 0.05  Ma;  K/Ar 
measurements  are  reported  in  Brown  et  al.  (1985). 

At  Kaieri  Akak  and  at  Nakitokonon,  strata  assigned  to  the 


Nariokotome  Member  are  also  present.  At  both  localities 
exposures  are  poor,  but  both  contain  a tuff  which  correlates 
with  a tuff  that  lies  stratigraphically  above  the  Silbo  Tuff  of 
the  Koobi  Fora  Formation  in  the  Ileret  Area.  This  tuff  is 
named  the  Kale  Tuff  after  the  large  plain  north  of  Koobi 
Fora  Area  7,  which  is  its  type  area.  Although  the  Kale  Tuff 
has  not  been  dated,  it  should  be  only  slightly  younger  than 
the  Silbo  Tuff.  The  Silbo  Tuff  has  been  dated  at  0.74  ± 0.01 
Ma  by  McDougall  (1985). 

Correlations  from  the  Nachukui  Formation  to  the  Shun- 
gura and  Koobi  Fora  formations  (Fig.  4)  provide  a reasonably 
tight  framework  in  which  to  interpret  the  vertebrate  faunas 
from  the  three  formations.  The  correlations  are  also  useful 
in  comparing  lithostratigraphic  differences  from  narrow  tem- 
poral intervals  which  is  necessary  for  paleogeographic  re- 
constructions. 

DESCRIPTIONS  OF  MEMBERS 
Lonyumun  Member 

The  Lonyumun  Member  of  the  Nachukui  Formation  com- 
prises those  sediments  that  lie  below  the  basal  contact  of  the 
Moiti  Tuff.  This  member  is  best  exposed  in  the  southern  part 
of  the  region  west  of  Lake  Turkana  in  the  Nasechebun  drain- 
age south  of  Kataboi.  Other  excellent  exposures  lie  near  the 
contact  with  Miocene  volcanic  rocks  in  the  northern  part  of 
the  region.  The  member  as  defined  is  stratigraphically  equiv- 
alent to  the  Lonyumun  Member  of  the  Koobi  Fora  Forma- 
tion (Brown  and  Feibel.  1986),  hence  that  name  is  retained. 
In  its  reference  section  in  the  Nachukui  Formation  it  is  91 
m thick  (Fig.  5). 

The  Lonyumun  Member  is  lithologically  very  similar  to 
its  counterpart  in  the  Koobi  Fora  Formation,  but  is  some- 
what thicker  west  of  the  lake.  The  basal  contact  is  only  locally 
seen,  but  at  the  Nasechebun  drainage  the  member  rests  on 
basalt.  The  lowest  part  of  the  section  consists  of  dark  brown 
to  pale  olive  laminated  claystones  that  contain  ostracods  and 
mollusks.  Sparse  interbeds  of  sandstone  a few  centimeters 
thick  are  normally  limonite-stained,  and  contain  both  fish 
bones  and  ostracods.  Diatomites  occur  higher  in  the  section 
near  the  top  of  the  member,  but  are  also  locally  present  much 
lower  in  the  section.  In  the  exposures  along  Laga  Lomekwi, 
limonite-stained  volcanic  conglomerates  with  weathered  clasts 
interfinger  with  the  claystones  and  diatomites  near  the  base 
of  the  section.  The  upper  contact  of  the  Lonyumun  Member 
is  marked  by  a thin  altered  tuff  in  the  upper  part  of  the 
northern  branch  of  the  Laga  Lomekwi.  As  no  fresh  glass 
remains,  this  altered  tuff  could  not  be  chemically  compared 
to  the  type  Moiti  Tuff  of  the  Koobi  Fora  Formation  but  its 
correlation  is  believed  to  be  secure.  Where  the  Moiti  Tuff 
crops  out  in  the  Topernawi  drainage  and  south  of  Kataboi, 
it  has  been  positively  correlated  with  that  from  the  type 
locality  at  Koobi  Fora. 

Other  small  exposures  of  the  Lonyumun  Member  are  found 
along  the  mountain  front  as  far  south  as  the  Laga  Kaloku- 
jiamwe.  The  member  may  extend  much  farther  south,  how- 
ever, because  strata  of  the  Muruongori  Formation  (Powers, 


Contributions  in  Science,  Number  399 


Harris  et  al.:  West  Turkana  Fossil  Sites  11 


Members  Tuffs 


12  Contributions  in  Science,  Number  399 


Harris  et  al.:  West  Turkana  Fossil  Sites 


Figure  4.  Correlation  diagram  for  the  Shungura,  Nachukui,  and  Koobi  Fora  formations.  Note  that  the  scale  on  the  left,  calibrating  the  thickness  of  these  units,  is  unrelated  to 
the  time  scale  on  the  right. 
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Figure  5.  Type  section  of  the  Lonyumun  Member  at  the  Laga 
Nasechebun.  In  this  and  other  stratigraphic  sections,  E = Etheria ; 
the  key  is  common  also  to  Figures  6-12. 

1980)  of  the  Lothagam  area,  some  50  km  to  the  south,  are 
lithologically  very  similar  and  of  approximately  the  same 
age.  Similar  sediments  are  also  present  near  the  base  of  the 
section  at  Loruth  Kaado. 

The  upper  age  limit  of  the  Lonyumun  Member  is  well 
established  by  X/Ar  ages  on  the  Moiti  Tuff  at  4.10  ± 0.07 
Ma  (Brown  et  ah,  1985).  The  lower  limit  is  less  secure.  In 
the  Koobi  Fora  region  the  Lonyumun  Member  overlies  basalt 
flows  at  Karsa  that  have  been  dated  at  4.35  ± 0.05  Ma  by 
McDougall  (1985).  The  Lonyumun  Member  is  considerably 
thicker  in  the  Nachukui  Formation,  and  may  extend  to  earlier 
times,  but  probably  does  not  exceed  5 Ma  in  age. 

Kataboi  Member 

The  Kataboi  Member  (Fig.  6)  of  the  Nachukui  Formation  is 
defined  here  as  those  strata  which  lie  between  the  basal  con- 
tact of  the  Moiti  Tuff  and  the  basal  contact  of  the  Tulu  Bor 
Tuff  (=  B).  This  member  is  best  exposed  near  the  Laga  Ka- 
taboi and  in  the  upper  part  of  the  Lomekwi  drainage,  but 
also  crops  out  as  far  south  as  Kalokujiamwe.  It  correlates 
with  the  Basal  Member  and  Member  A of  the  Shungura 
Formation  and  with  the  Moiti  and  Lokochot  members  of  the 
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Koobi  Fora  Formation.  Where  the  Lokochot  Tuff  (=  A)  is 
present,  the  Kataboi  Member  may  be  divided  into  a lower 
and  upper  part.  The  lower  Kataboi  Member  is  equivalent  to 
the  Moiti  Member  of  the  Koobi  Fora  Formation,  and  the 
upper  Kataboi  Member  is  equivalent  to  the  Lokochot  Mem- 
ber of  the  Koobi  Fora  Formation  and  to  Member  A of  the 
Shungura  Formation.  In  its  type  section  the  Kataboi  Member 
is  45.6  m thick,  but  near  Kataboi  and  along  the  Laga  Lo- 
mekwi it  is  about  55  m thick. 

In  its  type  section,  the  lowest  35  m of  the  Kataboi  Member 
consist  of  upward-fining  cycles  beginning  with  medium-  to 
coarse-grained  trough  cross-bedded  sandstones,  grading 
through  fine  sandstones  to  siltstones  and  silty  claystones,  the 
latter  with  slickensides  and  dish-shaped  fractures.  Calcite 
nodules  are  commonly  present  about  1.5  m to  2 m below 
the  top  of  each  cyclic  unit.  The  Lokochot  Tuff  (=  A)  lies 
about  22  m above  the  base  of  the  member,  and  at  Kataboi 
contains  accretionary  lapilli  up  to  8 mm  in  diameter.  The 
upper  12  m of  the  Kataboi  Member  consists  of  laminated  or 
massive  diatomite  with  well-preserved  diatoms  and  fresh- 
water sponge  spicules.  Fish  bones  and  chelonian  fragments 
are  common  in  this  interval,  and  mammalian  fossils  are 
sparsely  present  but  very  well  preserved. 

Along  the  Laga  Kalokujiamwe,  strata  above  the  Moiti  T uff 
are  attributed  to  the  Kataboi  Member,  but  as  there  is  no 
overlying  tuff,  they  may  also  be  partly  equivalent  to  the  Lo- 
mekwi Member.  The  section  there  consists  predominantly 
of  well-sorted  sandstones  which  contain  two  volcanic  cobble 
conglomerate  beds  in  the  upper  part. 

Near  the  mountain  front  between  the  Topernawi  and  the 
northern  branch  of  the  Laga  Lomekwi,  the  Kataboi  Member 
is  well  exposed  and  is  about  50  m thick.  The  Lokochot  Tuff 
(=  A)  is  absent  in  these  exposures,  but  the  Topernawi  Tuff 
(see  section  on  volcanic  ash  layers)  is  present  as  a tuffaceous 
band  3-5  m above  the  base  of  a thick  sandstone  (16  m). 
Below  the  tuff,  this  sandstone  contains  dispersed  ostracods 
and  mollusks,  that  are  overlain  by  7 m of  siltstone  with  dish- 
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Figure  7.  Type  section  of  the  Lomekwi  Member  at  the  Laga  Lo- 
mekwi. 


shaped  fractures  at  the  top.  The  sandstone  is  overlain  by  a 
volcanic  clast  conglomerate  (10  m),  and  then  a further  6 m 
of  sandstone  with  a mollusk-packed  layer  about  2 m above 
its  base  in  which  the  gastropod  Cleopatra  is  dominant.  Six 
meters  below  the  base  of  the  Tulu  Bor  Tuff  (=  B),  there  is  a 
very  distinctive  diatomaceous  interval  with  well-preserved 
diatoms,  abundant  fish  bones  and  sparse,  but  well-preserved, 


mammalian  bones.  The  unit  grades  upward  into  sandy  silt- 
stones  immediately  below  the  Tulu  Bor  Tuff.  This  diato- 
maceous sequence  is  correlated  with  the  diatomites  in  the 
upper  part  of  the  type  section  of  the  Kataboi  Member  and 
is  very  continuous  in  this  area.  It  can  also  be  correlated  with 
diatomites  in  the  upper  part  of  the  Lokochot  Member  of  the 
Koobi  Fora  Formation. 

The  Kataboi  Member  spans  the  time  range  from  the  Moiti 
Tuff  (4.10  ± 0.07  Ma)  to  the  Tulu  Bor  Tuff  (=  B),  the  age 
of  which  is  estimated  to  be  3.36  ± 0.04  Ma  (Feibel  et  al.,  in 
press). 

Lomekwi  Member 

The  Lomekwi  Member  (Fig.  7)  is  defined  here  as  those  strata 
between  the  basal  contact  of  the  Tulu  Bor  Tuff  (=  B)  and  the 
basal  contact  of  the  Lokalalei  Tuff  (=  D;  see  next  section). 
Exposures  in  the  southern  branch  of  the  Laga  Lomekwi  rep- 
resent the  only  continuous  section  through  this  member,  but 
it  is  also  exposed  as  far  north  as  the  Laga  Kokiselei  and 
extends  southward  about  1 5 km  south  of  Kataboi.  It  is  strati- 
graphically  equivalent  to  Members  B and  C of  the  Shungura 
Formation,  and  to  all  of  the  Tulu  Bor  Member  and  the  lowest 
part  of  the  Burgi  Member  of  the  Koobi  Fora  Formation.  The 
type  section  of  the  Lomekwi  Member  is  158.5  m thick. 

The  Lomekwi  Member  illustrates  well  one  of  the  problems 
with  stratigraphic  description  in  this  region.  In  order  to  mea- 
sure the  type  section  it  was  necessary  to  investigate  a strip 
of  outcrops  nearly  5 km  in  east-west  extent.  Hence,  what  is 
recorded  as  a vertical  section  does  not  reflect  the  succession 
of  lithologies  at  any  one  geographic  point  but  includes  lateral 
variations  as  well.  Normally  this  is  of  little  consequence,  but 
near  the  margin  of  a basin  lithologic  changes  occur  over 
rather  short  lateral  distances  and,  in  this  particular  instance, 
sandstones  are  replaced  by  conglomerates  in  the  western  part 
of  the  outcrop  (toward  the  mountains). 

At  the  base  of  the  Lomekwi  Member,  the  Tulu  Bor  Tuff 
(=  B)  crops  out  in  two  successive  bands,  separated  by  2.5  m 
of  reddish-brown  siltstone.  The  two  bands  correspond  com- 
positionally  to  the  a-Tulu  Bor  Tuff  (=  Ba)  and  the  ,6-Tulu 
Bor  Tuff  (=  B/3),  respectively.  These  tuffs  are  exceptionally 
well  exposed  in  the  upper  part  of  the  Laga  Lomekwi,  where 
associated  sediments  interfinger  with  volcanic  pebble  con- 
glomerates. 

Strata  of  the  Lomekwi  Member  fall  into  two  sharply  con- 
trasted lithologic  associations.  One  consists  of  volcanic  clast 
conglomerates  0.2  to  4 m thick  and  massive,  poorly  sorted 
sandy  siltstones  that  are  usually  reddish-brown.  The  other 
consists  of  quartz-rich  sandstones  grading  upward  into  silt- 
stones  and  silty  claystones  with  vertical  prismatic  structure 
at  the  top.  In  one  case,  the  section  coarsens  upward  from 
very  fine  sandstone  to  coarse  sandstone  with  a concomitant 
increase  in  the  size  of  trough  cross-bedding  from  about  10 
cm  scale  in  the  lower  part  to  50  cm  in  the  upper  part.  Mam- 
malian fossils  occur  in  both  of  these  associations.  The  African 
freshwater  oyster  Etheria  is  found  associated  only  with  the 
quartz  sandstones  at  the  bottoms  of  the  upward  fining  cycles, 
either  as  isolated  broken  valves  or  as  well-preserved  bio- 
herms  with  the  individuals  in  growth  position.  The  mollus- 
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can  assemblages  containing  a new  species  of  the  gastropod 
Potadoma  (Williamson,  1985)  derive  from  a sandstone  23 
m above  the  base  of  the  member. 

Within  the  Lomekwi  Member  are  three  tuffs  that  are  useful 
for  local  and  regional  correlation.  The  Waru  Tuff  is  exposed 
along  the  south  bank  of  the  Laga  Topernawi  west  of  the  road 
crossing.  It  is  interpreted  as  an  air-fall  ash  layer  that  was 
deposited  in  an  extensive  but  short-lived  lake.  In  the  Na- 
chukui  Formation,  the  sediments  enclosing  the  Waru  Tuff 
are  rich  in  sponge  spicules  and  diatoms.  The  Emekwi  Tuff 
(=  C-9),  is  exposed  in  the  southern  branch  of  the  Laga  Lokala- 
lei.  A thin  unnamed  tuff  10  m above  the  Emekwi  Tuff  (= 
C-9)  and  8 m below  the  Lokalalei  Tuff  is  widely  exposed 
near  the  top  of  the  section  along  the  Laga  Lomekwi. 

The  Lomekwi  Member  spans  the  temporal  interval  from 
the  Tulu  Bor  Tuff  (3.36  Ma)  to  the  Lokalalei  Tuff  (=  D).  The 
Lokalalei  Tuff  (=  D)  has  been  dated  at  2.52  ± 0.05  Ma 
(Brown  et  al.,  1985).  Additional  unpublished  potassium-ar- 
gon age  measurements  on  the  Lokalalei  Tuff  (=  D)  have 
confirmed  this  age. 

Lokalalei  Member 

The  Lokalalei  Member  is  defined  as  all  strata  which  lie  be- 
tween the  base  of  the  Lokalalei  Tuff  (=  D)  and  the  Kalochoro 
Tuff  (=  F).  The  type  section  is  located  along  the  northern 
branch  of  the  Laga  Lokalalei  (Fig.  8),  but  there  the  Kalochoro 
Tuff  is  absent,  and  the  section  is  drawn  through  to  the  Ekalalei 
Tuff  (=  F-l).  The  top  of  the  member  is  taken  as  the  top  of 
a distinctive  mollusk-rich  conglomerate  about  3 m below  the 
Ekalalei  Tuff(=  L-l)  to  avoid  duplication  of  section.  In  sev- 
eral exposures  the  Ekalalei  Tuff (=  L-l)  is  known  to  lie  4 m 
below  the  Kalochoro  Tuff  (=  F),  both  in  the  Nachukui  For- 
mation and  in  the  Shungura  Formation.  Other  outcrops  of 
the  Lokalalei  Member  exist  in  the  Nanyangakipi,  Kalochoro, 
Kaitio,  Kokiselei,  Lomekwi,  and  Kangatukuseo  drainages.  It 
is  stratigraphically  equivalent  to  Members  D and  E of  the 
Shungura  Lormation  and,  where  the  Kokiselei  Tuff  (=  E) 
crops  out,  can  be  divided  into  upper  and  lower  parts,  equiv- 
alent to  Member  D and  Member  E,  respectively.  The  only 
known  correlative  strata  in  the  Koobi  Fora  region  east  of  the 
lake  belong  to  the  lower  Burgi  Member  exposed  along  II 
Ingumwai;  these  consist  of  about  10  m of  fluvial  deposits. 
In  its  type  section  at  Lokalalei,  the  member  is  38  m thick. 

Strata  of  the  Lokalalei  Member  consist  predominantly  of 
fine-grained  sandstones  and  siltstones.  The  sandstones  are 
poorly  consolidated,  either  laminated  or  cross-laminated,  and 
commonly  contain  calcite  concretions.  The  uppermost  part 
of  the  member  consists  of  a poorly  sorted,  structureless,  silty 
claystone  with  occasional  volcanic  pebble  conglomerate 
lenses,  one  of  which  is  packed  with  shells  of  the  small  gas- 
tropod Melanoides. 

The  Lokalalei  Member  was  deposited  between  2.52  ± 0.05 
Ma  (the  age  of  the  Lokalalei  Tuff  (=  D))  and  2.35  ± 0.05 
Ma  ago  (the  age  of  the  Kalochoro  Tuff  (=  F)). 

Kalochoro  Member 

The  Kalochoro  Member  is  defined  as  those  strata  that  lie 
between  the  base  of  the  Kalochoro  Tuff  and  the  base  of  the 


KBS  Tuff  (=  H-2).  The  type  section  of  the  Kalochoro  Mem- 
ber (Fig.  8)  is  located  in  the  Laga  Kalochoro,  about  5 km 
west  of  the  road  crossing,  where  the  member  is  78  m thick. 
This  section  lies  west  of  a major  fault  that  separates  strata 
of  the  Nariokotome  Member  from  those  of  the  upper  part 
of  the  Lokalalei  Member.  The  Kalochoro  Member  correlates 
with  Members  F,  G,  and  the  lower  part  of  Member  H of  the 
Shungura  Formation,  and  with  all  but  the  lowest  part  of  the 
Burgi  Member  of  the  Koobi  Fora  Formation. 

The  Kalochoro  Member  is  divisible  into  three  parts,  a 
lower  part  (40  m)  of  upward-fining  cyclic  deposits  with  two 
prominent  volcanic  ash  beds,  a middle  portion  (27  m)  con- 
sisting predominantly  of  laminated  claystones  and  siltstones, 
and  an  upper  part  (20  m)  dominated  by  sandstone,  but  with 
minor  interbedded  volcanic  pebble  conglomerates.  The  up- 
ward-fining  cycles  of  the  lower  part  are  similar  to  those  of 
the  Kataboi  and  Lomekwi  members,  and  need  little  elabo- 
ration. 

The  laminated  siltstones  and  claystones  of  the  middle  part 
range  from  medium  brown  to  olive-gray,  contain  fish  bones 
and  fish  scales  along  bedding  planes,  and  jarosite,  gypsum, 
and  Fe-Mn  oxide  coatings  along  fractures.  Limonite-stained 
bands  1-3  cm  thick  within  the  siltstones  commonly  contain 
ostracods.  This  part  of  the  section  is  best  exposed  in  the 
Kalochoro,  Kokiselei,  and  Kangaki  drainages. 

The  upper  sandstones  of  the  Kalochoro  Member  are  pre- 
dominantly medium-  to  fine-grained  with  parallel  lamination 
or  small-scale  cross-lamination.  Mammalian  fossils  are  sparse, 
but  fish  bones  are  reasonably  common.  The  trace  fossil  Pis- 
cichnus,  interpreted  as  fossil  fish  nests  (Feibel,  1987),  is  found 
on  ripple-marked  bedding  planes  near  the  top  of  the  lowest 
sandstone  in  this  sequence.  A 10-cm-thick  band  of  well- 
indurated  dolomite  occurs  about  7 m above  the  base  of  the 
upper  sands  in  the  type  section,  and  contains  very  chalky 
mammalian  bone. 

Kaitio  Member 

Strata  between  the  KBS  Tuff  (=  H-2)  and  the  Lower  Koobi 
Fora  Tuff  along  the  Laga  Kaitio  (the  type  section)  are  defined 
as  the  Kaitio  Member.  There  the  member  is  169  m thick 
(Fig.  9).  The  Kaitio  Member  correlates  with  parts  of  Mem- 
bers H and  J of  the  Shungura  Formation,  and  with  the  KBS 
Member  and  the  lowest  part  of  the  Okote  Member  of  the 
Koobi  Fora  Formation.  Most  of  the  Kaitio  Member  is  also 
exposed  at  the  Laga  Nanyangakipi,  about  1 5 km  to  the  north. 

Most  strata  of  the  Kaitio  Member  are  laminated  siltstones, 
claystones,  and  fine  sandstones.  Both  the  claystones  and  silt- 
stones contain  dispersed  ostracod  impressions  and  there  is  a 
15-cm-thick  layer  with  abundant  bivalves  and  gastropods 
115  m above  the  base.  At  Laga  Nanyangakipi  there  is  an 
ostracod-packed  sandstone  13  m above  the  presumed  cor- 
relative of  this  mollusk-bearing  layer.  Gypsum  is  common 
along  fractures  in  the  claystones  of  the  lower  half  of  this 
sequence. 

Twelve  meters  below  the  top  of  the  Kaitio  Member  there 
is  a sharp  transition  to  coarser  sediment,  beginning  with 
deposition  of  a sequence  of  three  fine  sandstones  fining  up- 
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Figure  8.  Type  sections  of  the  Lokalalei  Member  at  the  Laga  Lokalalei  and  the  Kalochoro  Member  at  the  Laga  Kalochoro. 


ward  to  siltstones  in  a packet  7.5  m thick.  The  sandstones 
are  pale  yellowish-gray  and  laminated  or  cross-laminated. 
The  siltstones  are  pale  brown  and  have  pronounced  vertical 
structure.  These  are  overlain  by  a vitric  tuff,  10  cm  thick, 
itself  capped  by  a medium  brown  clayey  siltstone  with  slick- 
ensides,  dish-shaped  fractures,  and  calcite  nodules.  The  top 
of  the  member  consists  of  fine  sandstones  with  siltstone  in- 
terbeds that  contain  abundant  ostracods. 

The  Kaitio  Member  is  also  exposed  in  a strip  of  prominent 
outcrops  located  about  8 km  west  of  the  lake  and  extending 
from  Nariokotome  to  Kokiselei  but,  in  this  area,  it  is  difficult 
to  differentiate  from  the  overlying  Natoo  Member.  The  Kai- 
tio Member  in  these  exposures  is  only  about  60  m thick  and 
is  comprised  of  sandstones,  thin  (0. 1-0.6  m)  mollusk-packed 
sandstones  and  conglomerates,  and  volcanic  clast  conglom- 
erates. The  dominant  mollusks  in  this  sequence  are  Cleopatra 
and  Melanoides.  The  base  of  the  mollusk-packed  sandstones 


sometimes  contains  well-preserved  examples  of  the  trace  fos- 
sil Pelecypodichnus  (bivalve  burrows),  with  the  burrows  filled 
with  gastropod  shells.  Molds  of  open,  articulated  Mutela 
valves  are  found  on  the  surface  of  these  sandstones.  Some 
of  the  sandstones  in  this  part  of  the  section  are  uncemented 
and  these  often  contain  exceptionally  well  preserved  fossils 
of  large  mammals.  Mammalian  fossils  also  occur  in  cemented 
sandstones  and  conglomerates.  The  mollusk-packed  sand- 
stones and  conglomerates  are  sufficiently  well  cemented  by 
sparry  calcite  to  produce  bold  cliffs  where  streams  cut  through 
the  strata.  North  of  Kalochoro  and  south  of  Kokiselei,  the 
mollusk-packed  sandstones  are  replaced  by  well-developed 
stromatolite  layers.  This  lithologic  association  continues  up- 
ward through  the  Natoo  Member  which  is  about  40  m thick 
in  this  area. 

Strata  of  the  Kaitio  Member  range  in  age  from  1.88  ± 
0.02  Ma  (the  age  of  the  KBS  Tuff  (=  H-2);  McDougall,  1 985), 
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to  about  1.6  Ma,  the  approximate  age  of  the  Lower  Koobi 
Fora  Tuff  (McDougall  et  a!.,  1985;  Brown  and  Feibel,  1985). 

Natoo  Member 

Strata  between  the  basal  contact  of  the  Lower  Koobi  Fora 
Tuff  and  the  basal  contact  of  the  Lower  Nariokotome  Tuff 
are  named  the  Natoo  Member  (Fig.  10).  The  type  section  is 
located  in  the  Kaitio  drainage,  but  this  name  has  been  used 
for  the  underlying  member,  so  the  member  is  named  for 
another  small  ephemeral  stream  north  of  Nariokotome  where 
it  is  also  exposed.  The  member  is  exposed  in  every  ephemeral 
stream  from  Kalochoro  to  Kaieri  Akak.  In  the  type  section, 
the  Natoo  Member  is  75.5  m thick.  It  correlates  with  the 
upper  part  of  Member  J,  with  Member  K,  and  with  the  lower 
part  of  Member  L of  the  Shungura  Formation,  and  with  most 
of  the  Okote  Member  of  the  Koobi  Fora  Formation. 

The  style  of  sedimentation  which  began  near  the  top  of 
the  Kaitio  Member  continues  into  the  Natoo  Member,  which 
is  composed  of  pale  yellowish-brown  sandstones  grading  up- 
ward into  pale  brown  siltstones  totalling  13  cycles  with  an 
average  thickness  of  5.8  m.  An  unnamed  very  pale  yellow 
vitric  tuff  (0.3  m)  that  contains  mollusk  shells  and  ostracods 
occurs  9.5  m above  the  base  of  the  member.  Between  30  and 
40  m above  the  base  of  the  member  occurs  a triplet  of  me- 


dium- to  fine-grained  vitric  tuffs,  each  of  which  is  less  than 
10  cm  in  thickness,  and  each  of  which  is  situated  at  or  near 
the  base  of  an  upward-fining  cycle.  The  Chari  Tuff  (=  L) 
occurs  9 m below  the  top  of  the  member.  Mammalian  fossils 
are  scarce  in  this  member,  but  fossils  of  fish  ( Hydrocynus , 
Sindacharax,  Labeo,  Dasyatidae,  etc.)  are  abundant,  espe- 
cially in  the  lower  half  of  the  member. 

In  exposures  north  of  the  Nariokotome  drainage,  the  base 
of  the  Morutot  Tuff  was  mapped  as  the  base  of  the  Natoo 
Member.  The  Morutot  Tuff  is  well  exposed  at  Nanyangakipi, 
at  Lowarengak,  and  at  Natoo.  This  tuff  lies  slightly  lower  in 
the  section  than  the  Lower  Koobi  Fora  Tuff,  but  for  mapping 
purposes  the  error  in  position  is  small. 

At  Lowarengak  a thin  stromatolite  bed  occurs  just  above 
the  base  of  the  Natoo  Member.  At  Nanyangakipi  the  lower 
30  m of  this  member  is  exposed  and  consists  of  fine  sand- 
stones with  a thin  (30-cm)  volcanic  pebble  conglomerate  22 
m above  the  base,  a 5-cm-thick  conglomerate  with  molds  of 
gastropod  shells  4 m above  that,  and  a 50-cm  tuffaceous  fine 
sandstone  at  the  top  of  the  section. 

The  Natoo  Member  ranges  in  age  from  approximately  1.6 
Ma  (the  age  of  the  Lower  Koobi  Fora  Tuff)  to  1.33  ± 0.05 
Ma  (the  age  of  the  Lower  Nariokotome  Tuff;  see  Brown  et 
al.,  1 985).  The  member  includes  the  Chari  Tuff  that  has  been 
very  securely  dated  at  1.39  ± 0.01  Ma  by  McDougall  (1985). 

Nariokotome  Member 

Strata  which  lie  above  the  basal  contact  of  the  Lower  Na- 
riokotome Tuff,  but  below  Holocene  strata  which  discon- 
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formably  or  unconformably  overlie  the  Pliocene  and  Pleis- 
tocene strata  of  the  Lomekwi  Formation,  are  designated  the 
Nariokotome  Member.  The  type  section  is  located  in  the 
Laga  Kaitio;  the  name  of  the  member  is  taken  from  the  name 
of  the  basal  tuff  of  the  member.  In  the  type  section,  this 
member  is  70.4  m thick  (Fig.  1 1),  but  other  strata  located  at 
Nakitokonon  and  Kaieri  Akak  are  also  included  in  this  mem- 
ber, and  its  composite  thickness  may  be  somewhat  greater. 

The  base  of  the  Nariokotome  Member  marks  a distinct 
change  in  sediment  type  from  fine-grained  sands  and  silts  to 
strata  dominated  by  volcanic  clast  conglomerates  and  coarse- 
grained sandstones.  Here  again  the  effect  of  geographic  po- 
sition cannot  be  ignored  because  sections  of  the  Nariokotome 
Member  lie  somewhat  nearer  the  mountains  than  do  those 
of  the  underlying  Kaitio  and  Natoo  members  in  which,  as 
noted  above,  conglomerates  grade  laterally  into  finer  sedi- 
ments. 

Strata  of  the  Nariokotome  Member  are  depicted  graphi- 
cally in  Figure  1 1,  where  the  dominance  of  conglomerates  is 
apparent.  The  transition  between  the  fine-  and  coarse-grained 
strata  takes  place  in  the  lowest  6 m of  the  Nariokotome 
Member.  The  Lower  and  Middle  Nariokotome  tuffs  are  pres- 
ent in  the  section  at  Kaitio,  but  the  Upper  Nariokotome  Tuff 
is  absent.  Between  these  two  tuffs  is  a fine-grained  section 
that  contains  an  ostracod-rich  oolite  bed  about  1 m thick. 
The  section  above  the  Middle  Nariokotome  Tuffbegins  with 
a thin  sandstone  that  contains  well-preserved  mammalian 
footprints,  and  is  followed  by  1.5  m of  sandstone  rich  in 
ostracods  and  the  gastropods  Cleopatra  and  Melanoides. 
Above  these,  volcanic  pebble  conglomerates  appear  in  the 
section  and  the  associated  fine  sediments  are  poorly  sorted 
sandy  siltstones.  Aside  from  a few  mollusk-bearing  layers. 


well-developed  stromatolites  provide  the  most  useful  marker 
beds  in  this  member. 

Individual  stromatolites  are  normally  10-20  cm  in  di- 
ameter, but  range  up  to  1 m.  Those  beds  composed  of  stro- 
matolites vary  from  0.1  to  1 .0  m in  thickness.  The  core 
around  which  the  stromatolites  form  is  normally  a basalt 
pebble  or  cobble,  but  a few  surround  mollusk  shells.  The 
base  of  most  beds  is  composed  of  oncolites  5-10  cm  in  di- 
ameter, but  these  give  way  above  to  laterally  continuous 
pavements  of  larger  stromatolites  that  have  a polygonal  out- 
line in  horizontal  section  because  individual  heads  fail  to 
join  laterally  in  most  cases.  The  planar  vertical  boundaries 
between  the  individual  stromatolites  are  usually  marked  with 
curvilinear  subparallel  grooves  that  are  believed  to  be  in- 
vertebrate borings.  Etheria  is  occasionally  found  associated 
with  the  stromatolites,  either  attached  to  the  surface,  or  par- 
tially covered  by  algal  carbonate.  The  bivalve  Caelatura  is 
found  in  the  vertical  planes  which  separate  individual  stro- 
matolites; the  only  other  mollusk  noted  was  a small  gastro- 
pod. 

On  the  divide  between  the  headwaters  of  the  Laga  Na- 
chukui  and  the  lower  course  of  the  Laga  Nariokotome,  the 
Nariokotome  Member  consists  solely  of  volcanic  pebble  con- 
glomerates and  associated  poorly  sorted  sandstones  and  silt- 
stones.  Carbonate  concretionary  layers  are  present  near  the 
tops  of  some  of  the  siltstones. 

Along  Kaieri  Akak  and  Laga  Nakitokonon,  strata  assigned 
to  the  Nariokotome  Member  are  also  present.  Although  ex- 
posures are  poor  at  both  localities,  the  Kale  Tuff  is  present 
in  both  places.  The  associated  strata  at  Nakitokonon  are 
laminated  siltstones  and  claystones.  At  Kaieri  Akak,  the  sec- 
tion consists  of  fine  sandstone  and  siltstone,  and  contains  a 
mollusk  bed  in  which  Pseudobovaria  (bivalve)  and  Mutela 
are  dominant  5 m above  the  Kale  Tuff.  These  bivalves  belong 
to  endemic  species  recorded  from  the  Chari  Member  of  the 
Koobi  Fora  Formation  (P.  Williamson,  pers.  comm.).  Thus 
these  occurrences  extend  the  known  geographic  range  of  the 
phyletic  endemic  isolate  that  Williamson  recorded  at  Ileret 
(Molluscan  Range  Zone  10  of  Williamson,  1982).  More  re- 
cently this  distinctive  molluscan  assemblage  has  been  doc- 
umented from  Submember  L-9  of  the  Shungura  Formation 
(P.  Williamson,  pers.  comm.). 

Strata  assigned  to  the  Nariokotome  Member  range  in  age 
from  about  1 .3  Ma  (the  age  of  the  Lower  Nariokotome  Tuff) 
to  about  0.7  Ma.  The  upper  age  limit  is  based  on  the  occur- 
rence of  the  Kale  Tuff  in  the  sections  at  Kaieri  Akak  and 
Nakitokonon.  The  Kale  Tuff  is  known  to  underlie  the  Silbo 
Tuff  of  the  Koobi  Fora  Formation,  and  this  latter  tuff  has 
been  dated  at  0.74  ± 0.01  Ma  by  McDougall  (1985). 


LORUTH  KAADO  AREA 

This  fossil-bearing  area  was  first  mentioned  by  Champion 
(1937)  and  was  later  the  subject  of  a brief  study  by  de  Hein- 
zelin  ( 1 983).  The  area  is  located  at  the  north  end  of  the  Labur 
Range  (Fig.  1 2),  and  the  Plio-Pleistocene  strata  exposed  there 
are  here  assigned  to  the  Lomekwi  Formation.  The  stratig- 
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Figure  12.  Geologic  map  and  stratigraphic  section  of  the  Loruth  Kaado  area. 
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raphy  of  this  area  is  incompletely  known,  but  a brief  descrip- 
tion of  some  of  the  principal  outcrops  is  given  here. 

Fossil  sites  LK  I and  LK  II  are  located  near  Loruth  Kaado 
itself,  where  the  stratigraphic  section  is  as  shown  in  Figure 
12.  Deposition  began  with  diatomites  and  claystones  typical 
of  the  Lonyumun  Member  of  the  Koobi  Fora  and  Lomekwi 
formations,  followed  by  fluvial  sediments  which  contain  tuffs 
identified  as  belonging  to  the  Kataboi  Member  at  other  lo- 
calities, and  a shell  bed  in  which  the  gastropod  Bellamya  is 
dominant.  The  section  overlying  the  Tulu  Bor  Tuff  (—  B) 
belongs  to  the  lowest  part  of  the  Lomekwi  Member,  and 
consists  of  fluvial  deposits.  These  are  very  similar  to  the 
fluvial  section  in  the  lower  part  of  Member  B of  the  Shungura 
Formation  with  which  they  correlate. 

Minor  conglomerates  above  the  Tulu  Bor  T uff  consist  sole- 
ly of  volcanic  clasts.  This  is  remarkable  because  today  gneiss- 
es with  quartz  veins  and  Cretaceous  quartz-bearing  conglom- 
erates are  exposed  only  a few  kilometers  south  and  west  of 
the  outcrops  of  the  Nachukui  Formation.  In  addition,  sur- 
ficial  deposits  in  the  area  are  rich  in  quartz.  By  contrast, 
conglomerates  of  younger  deposits  (Natoo  Member,  see  be- 
low) at  Loruth  Kaado  contain  abundant  quartz  pebbles.  It  is 
believed  that  this  difference  in  clast  composition  reflects  uplift 
of  the  Labur  Range,  and  exposure  of  the  quartz-bearing  older 
strata.  The  timing  of  uplift  is  thus  constrained  to  lie  between 
that  represented  by  the  middle  Lomekwi  Member  and  that 
represented  by  the  Natoo  Member— roughly  between  2.5  and 
1.7  Ma  ago. 

Fossil  site  LK  III  lies  east  of  a major  fault  that  separates 
the  older  section  to  the  west  from  the  younger  section  to  the 
east.  These  sediments  are  about  20  m thick,  fine-grained 
(mainly  siltstones),  and  contain  a tuffaceous  sequence  that 
includes  amongst  other  tuffs,  the  Koobi  Fora  Tuff  (see  Table 
1).  The  section  also  includes  thin  mollusk-bearing  conglom- 
erates that  contain  both  quartz  and  volcanic  pebbles. 


The  fossil  sites  LK  IV  and  LK  V were  visited  by  only  one 
of  us  (JMH)  and  were  not  investigated  geologically. 

DISCUSSION 

As  discussed  above,  there  are  very  marked  lithologic  changes 
over  short  distances  in  this  region.  Figure  13  is  a schematic 
(but  controlled)  facies  diagram  for  the  upper  part  of  the  Na- 
chukui Formation  in  the  region  between  Kalochoro  and  Na- 
riokotome.  In  this  figure  measurements  were  taken  from  the 
base  of  the  Lower  Nariokotome  Tuff  and  plotted  in  their 
respective  positions  on  an  east-west  transect.  The  thin  dashed 
lines  represent  constant  time  lines  or  nearly  so. 

At  the  time  the  Kalochoro  Tuff  (=  F)  was  deposited  (ca. 
2.3  Ma)  this  area  was  dominated  by  a large  river  with  its 
characteristic  upward-fining  cycles.  For  this  part  of  the  sec- 
tion variation  in  thickness  and  lithology  is  rather  small  — the 
section  resembling  that  of  the  Shungura  Formation.  Although 
not  shown  on  Figure  1 3,  this  condition  also  obtained  east- 
ward along  the  Kaitio  drainage  in  deposits  of  the  upper  Loka- 
lalei  Member  and  in  the  easternmost  part  of  the  Nanyan- 
gakipi  drainage. 

Slightly  before  deposition  of  the  KBS  Tuff  (=  H-2)  about 
2 million  years  ago,  the  situation  had  changed,  and  to  the 
east  claystones  were  deposited  in  a deep  lake  while  to  the 
west  sandstones  were  deposited  along  high-energy  shorelines, 
with  distal  alluvial  conglomerates  interfingering  from  still 
farther  west.  Slight  structural  movement  might  have  been 
associated  with  this  change,  resulting  in  a dip  of  about  2°  to 
the  east  on  sediments  deposited  prior  to  the  lacustrine  clay- 
stones. This  condition  persisted  for  perhaps  0.3  Ma,  after 
which  there  was  a change  to  deposition  on  a broad  alluvial 
plain.  Basinward  the  deposits  are  characterized  by  rather 
thin,  fine-grained,  upward-fining  cycles.  Stromatolites  occur 
along  the  western  edge  of  this  plain,  presumably  formed  in 
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Table  2.  Statigraphic  positions  of  West  Turkana  vertebrate  fossil  sites. 


Locality 

Horizon 

Member 

Kaitio  1 (KJ1)* 

Above  Nariokotome  Tuff 

Nariokotome 

Kaitio  II  (KI2) 

Above  Okote  Tuff 

Natoo 

Kaitio  III  (KI3) 

Above  Kokiselei  Tuff 

Kalochoro? 

Kalochoro  I (KL1 ) 

Below  Chari  Tuff 

Natoo 

Kalochoro  II  (KL2) 

Below  Chari  Tuff 

Natoo 

Kalochoro  III  (KL3) 

Below  Okote  Tuff 

Kaitio 

Kalochoro  IV  (KL4) 

Below  KBS  Tuff 

Kalochoro 

Kalochoro  V (KL5) 

Below  Nariokotome  Tuff 

Natoo 

Kalochoro  VI  (KL6) 

Below  Okote  Tuff 

Kaitio 

Kalakodo  (KK) 

Below  KBS  Tuff 

Kalochoro 

Kangaki  I (KG1) 

Below  KBS  Tuff 

Kalochoro 

Kangaki  II  (KG2) 

Below  KBS  Tuff 

Kalochoro 

Kangatakuseo  I (KU1) 

Below  Lokalalei  Tuff 

upper  Lomekwi 

Kangatukuseo  II  (KU2) 

Below  and  just  above  Lokalalei  Tuff 

upper  Lomekwi/Lokalalei 

Kangatukuseo  III  (KU3) 

Below  Lokalalei  Tuff 

upper  Lomekwi 

Kokiselei  I (KS1) 

Below  Okote  Tuff 

Kaitio 

Kokiselei  II  (KS2) 

Below  Okote  Tuff 

Kaitio 

Lomekwi  I (LOl) 

Below  Lokalalei  Tuff 

upper  Lomekwi 

Lomekwi  11  (L02) 

Below  Lokalalei  Tuff 

upper  Lomekwi 

Lomekwi  III  (L03) 

Below  Lokalalei  Tuff 

upper  Lomekwi 

Lomekwi  IV  (L04) 

Just  above  Tulu  Bor  Tuff 

lower  Lomekwi 

Lomekwi  V (L05) 

Just  above  Tulu  Bor  Tuff 

lower  Lomekwi 

Lomekwi  VI  (L06) 

Just  below  Tulu  Bor  Tuff 

Kataboi 

Lomekwi  VII  (L07) 

Above  Lokalalei  Tuff 

Lokalalei 

Lomekwi  VIII  (L08) 

Above  Lokalalei  Tuff 

Lokalalei 

Lomekwi  IX  (L09) 

Below  Emekwi  Tuff 

middle  Lomekwi 

Lomekwi  X (LOIO) 

Below  Emekwi  Tuff 

middle  Lomekwi 

Lokalalei  I (LAI ) 

Just  above  Kalochoro  Tuff 

Kalochoro 

Loruth  Kaado  I (LK1) 

Just  below  Tulu  Bor  Tuff 

Kataboi 

Loruth  Kaado  II  (LK2) 

Below  Tulu  Bor  Tuff 

Kataboi 

Loruth  Kaado  III  (LK3) 

Above  Okote  Tuff 

Natoo 

Loruth  Kaado  IV  (LK4) 

Below  Okote  Tuff 

Kaitio 

Loruth  Kaado  V (LK5) 

Indet. 

Indet. 

Nachukui  I (NCI) 

Above  Chari  Tuff 

Nariokotome 

Nachukui  II  (NC2) 

Above  Chari  Tuff 

Nariokotome 

Nachukui  III  (NC3) 

Above  Chari  Tuff 

Nariokotome 

Nasechebun  I (NS1) 

Below  Tulu  Bor  Tuff 

Kataboi 

Nanyangakipi  (NN) 

Below/above  Okote  Tuff 

Kaitio  and  Natoo 

Nariokotome  I (NK1) 

Galana  Boi  Beds 

Nariokotome  II  (NK2) 

Below  Chari  Tuff 

Natoo 

Nariokotome  III  (NK3 

Below  Chari  Tuff 

Natoo 

Nariokotome  IV  (NK4 

Below  Chari  Tuff 

Natoo 

Natoo  (NT) 

Below  Chari  Tuff 

Natoo 

Naiyena  Engol  I (NY1) 

Below  Okote  Tuff 

Kaitio 

Naiyena  Engol  II  (NY2) 

Below  Okote  Tuff 

Kaitio 

Naiyena  Engol  III  (NY3) 

Below  Okote  Tuff 

Kaitio 

Naiyena  Engol  IV  (NY4) 

Below  Okote  Tuff 

Kaitio 

* Abbreviations  in  parentheses. 


more  or  less  permanent,  but  short-lived,  shallow  lakes  at  the 
junction  with  alluvial  fans  entering  from  the  west.  Mam- 
malian footprints  have  been  noted  at  several  levels  in  this 
interval,  but  mammalian  fossils  are  sparse.  Fossils  of  fish 
are,  however,  rather  abundant.  Several  thin  volcanic  ash  lay- 
ers were  deposited  in  this  interval  at  Kaitio  but  are  thus  far 
unknown  elsewhere.  Small-scale  ripple  marks  commonly  oc- 
cur in  the  top  of  the  Lower  Nariokotome  Tuff.  Overall,  it 
appears  that  deposition  during  this  interval  took  place  in 


very  shallow  water  on  broad  flats  that  were  periodically  ex- 
posed subaerially.  Whether  or  not  the  ancestral  Omo  River 
contributed  sediment  to  this  system  is  not  clear  at  present. 
It  is  possible  that  from  ca.  1.7  Ma  until  the  late  Pleistocene 
the  Omo  River  may  have  flowed  westward  into  the  Nile 
drainage  much  of  the  time.  Overbank  sediments  may  still 
have  been  introduced  into  the  Turkana  Basin  and,  for  short 
periods,  the  river  may  have  returned  as  well. 

About  the  time  the  Nariokotome  Tuff  Complex  was  de- 
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posited  (ca.  1.3  Ma),  there  was  a major  shift  of  the  alluvial 
fans  to  the  east  or  northeast.  The  ensuing  deposits  were  clear- 
ly deposited  by  braided  streams  at  no  great  distance  from  a 
lakeshore  because  shoreline  sands  with  mollusks  and  ostra- 
cods  continue  to  interfinger  with  the  gravels,  and  stromat- 
olites continue  to  form. 

A curious  and  unexplained  feature  of  the  Nachukui  For- 
mation stratigraphy  is  the  progressively  northward  displace- 
ment of  the  southern  limit  of  exposure  as  the  strata  become 
younger.  For  example  the  Moiti  Tuff  (4.1  Ma)  is  known  as 
far  south  as  Kalokujiamwe,  where  it  contains  pumice;  the 
Tulu  Bor  Tuff  (=  B;  ca.  3.3  Ma)  is  known  to  extend  only  a 
few  kilometers  south  of  Kataboi,  and  the  southern  limit  of 
the  Lokalalei  Tuff  (=  D;  2.5  Ma)  is  Kangatukuseo.  The  pro- 
gression continues  until  at  least  0.7  Ma,  for  the  Kale  TufT  of 
approximately  this  age  is  not  found  south  of  Nakitokonon. 
If  the  observed  southernmost  exposures  of  various  tuffs  are 
plotted  against  time,  the  result  is  nearly  linear,  and  the  rate 
of  northward  displacement  amounts  to  about  30  km/Ma. 
This  could  be  explained  by  differentially  greater  uplift  in  the 
southern  part  of  the  region  with  consequent  erosion  of  strata 
that  formerly  extended  that  far.  Alternatively  it  is  possible 
that  the  observed  limit  of  deposition  is  approximately  the 
same  as  the  actual  original  limit  of  deposition.  If  this  is  the 
case,  then  some  other  explanation  for  the  displacement  must 
be  found.  It  is  probably  not  coincidental  that  a similar  dis- 
tribution of  strata  is  seen  at  Koobi  Fora,  with  the  youngest 
deposits  confined  to  the  northern  part  of  the  region. 

SYSTEMATIC  DESCRIPTION 

More  than  1000  specimens  representing  more  than  90  fossil 
mammal  species  have  been  recovered  from  the  Plio-Pleis- 
tocene  portion  of  the  West  Turkana  succession.  Most  of  the 
specimens  were  not  in  situ  and  were  collected  during  the 
course  of  surface  prospecting  although  a few  were  recovered 
by  excavation  or,  in  the  case  of  microfauna,  by  sieving.  Some 
specimens  of  Equus  sp.,  Phacochoerus  aethiopicus , and  Me- 
tridiochoerus  compactus  were  encountered  on  the  surface  of 
Pliocene  exposures  and  must  have  been  derived  from  youn- 
ger strata  (Galana  Boi  Beds)  that  formerly  overlay  such  older 
sediments  but  were  subsequently  eroded.  It  is  our  considered 
opinion,  however,  that  the  majority  of  surface  specimens 
were  not  far  removed  from  their  original  site  (or  level)  of 
preservation. 

A policy  to  collect  all  specimens  that  were  potentially  iden- 
tifiable to  species  was  conscientiously  followed  but  no  at- 
tempt was  made  to  collect  isolated  bovid  limb  bones  and 
some  larger  (hippo,  elephant)  specimens  still  await  retrieval 
from  the  field.  The  location  of  all  collected  specimens  was 
marked  on  aerial  photographs  and  recorded  (in  duplicate)  in 
field  notebooks;  the  photographs  and  notebooks  are  now 


deposited  in  the  archives  of  the  National  Museums  of  Kenya 
in  Nairobi. 

The  Plio-Pleistocene  strata  exposed  west  of  Lake  Turkana 
document  the  western  margin  of  the  Lake  Turkana  Basin. 
As  expected,  the  recovered  mammalian  fossils  are  closely 
comparable  to  others  from  strata  of  equivalent  age  elsewhere 
in  the  basin  although  differences  in  both  composition  and 
proportions  of  the  faunas  vary  between  different  places  in 
the  basin  even  at  time-equivalent  horizons.  Although  the 
West  Turkana  succession  extends  from  below  the  Lokochot 
Tuff  (=  A)  to  above  the  Chari  Tuff  (=  L),  parts  of  the  succes- 
sion equivalent  to  Shungura  Members  E and  F are  either 
missing  from  the  West  Turkana  sequence  or  are  unfossilif- 
erous.  This  lacuna  permits  the  West  Turkana  fossil  assem- 
blages to  be  considered  in  terms  of  an  older  and  a younger 
suite— these  are  listed  separately  in  summary  Tables  2 and 
3.  The  descriptions  provided  in  the  following  part  of  this 
paper  are  intended  as  a preliminary  account  of  the  larger 
mammalian  fossils  represented  in  the  succession,  with  jus- 
tification for  the  identifications  that  have  been  made.  Mono- 
graphic treatment  will  be  deferred  until  further  collecting  has 
been  undertaken.  The  lower  vertebrates  (fish,  chelonians, 
crocodilians),  birds,  hominids,  and  micromammals  (rodents, 
lagomorphs)  are  not  treated  in  this  paper  but  are  listed  in 
Table  4. 

SITE  DESIGNATIONS 

In  all,  47  sites  have  yielded  identifiable  mammalian  remains 
(Fig.  14).  These  have  been  given  names  and  are  referred  to 
by  an  abbreviated  site  designation  consisting  of  two  letters 
and  a number  (e.g.,  L03).  In  most  instances  the  letters  rep- 
resent an  abbreviation  of  the  name  of  the  closest  river  to  the 
site,  whereas  the  number  refers  to  the  order  of  discovery  of 
sites  along  that  drainage  (e.g.,  L03  was  the  third  site  located 
on  the  Lomekwi  drainage).  The  exceptions  are  the  Loruth 
Kaado  sites  in  the  far  north  of  the  area  (LK1-5,  named  after 
the  Loruth  Kaado  spring).  This  labelling  system  replaces  the 
site  numbering  system  (Localities  I-VII)  employed  in  the 
preliminary  report  by  Harris  and  Brown  (1985). 

FOSSIL  MATERIALS  AND  METHODS 

The  fossil  material  from  West  Turkana  is  housed  in  the  col- 
lections of  the  National  Museums  of  Kenya  in  Nairobi,  where 
it  is  catalogued  with  the  prefix  KNM-WT.  For  economy  of 
space  the  full  prefix  has  frequently  been  omitted  or  abbre- 
viated to  WT  in  the  descriptive  portions  of  this  paper. 

Specimens  from  Koobi  Fora,  referred  to  in  the  faunal  de- 
scriptions, are  also  housed  in  the  National  Museums  of  Ken- 
ya, where  they  are  catalogued  with  the  prefix  KNM-ER.  Ref- 
erence has  been  made  by  one  of  us  (MGL)  to  South  African 
fossil  primates  from  Sterkfontein  (STS)  and  Swartkrans  (SK) 


Figure  14.  Map  of  the  Plio-Pleistocene  fossiliferous  sites  west  of  Lake  Turkana  (indicated  by  solid  shading);  for  site  abbreviations  refer  to 
Table  2.  Unlabelled  black  squares  represent  settlements.  Vertical  shading  denotes  exposures  of  the  Nachukui  Formation.  Diagonal  shading 
represents  Miocene  and  older  rocks. 
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in  the  collections  of  the  Transvaal  Museum,  Pretoria,  and  to 
others  from  Makapansgat  (M.)  in  the  collections  of  the  Ber- 
nard Price  Institute  of  Paleontology,  Johannesburg. 

The  descriptions  of  fossil  material  provided  hereafter  em- 
ploy standard  anatomical  nomenclature.  Elephantid  teeth 
were  measured  using  the  parameters  defined  by  Beden  ( 1 983). 
Measurements  of  suid  teeth  are  those  defined  by  Harris  and 
White  (1979:102-103).  Length  and  width  measurements  of 
equid  and  bovid  teeth  were  taken  at  the  occlusal  surface. 
Those  of  other  fossil  mammals  were  taken  at  the  base  of  the 
tooth  crown. 


ABBREVIATIONS 

The  following  abbreviations  are  used  in  the  lists  of  specimens 
and  tables  of  measurements: 

ant:  anterior 

ap:  anteroposterior  (mesiodistal)  length 
artic:  articular  facet 
assoc:  associated 
dist:  distal 

dv:  dorsoventral  (measurement) 

e:  estimated  (measurement) 

ext:  external 

for:  foramen 

frag(s):  fragment(s) 

h/c:  horn  core 

ht:  height 

hyp:  hypolophid  width 

indet.:  indeterminate 

int:  intermediate  (list  of  specimens) 

int:  internal  (measurement) 

juv:  juvenile 

L:  left 

lat:  lateral 

It:  length 

Ma:  million  years 

max:  maximum  (measurement) 

max:  maxilla  (list  of  specimens) 

me:  metacarpal 

md:  mandible 

med:  median 

met:  width  at  metaloph 

mt:  metatarsal 

n/c:  naviculocuboid  trochlea  (width  at) 

no.:  number 

occ:  occipital 

pc:  postcranial 

premax:  premaxilla 

prot:  width  at  protoloph(id) 

prox:  proximal 

R:  right 

tc:  tuber  calcis 

tib:  tibial  trochlea 

tr:  transverse  (=  buccolingual  for  teeth) 

+ : maximum  measurement  on  incomplete  specimen 


— : measurement  obtained  slightly  larger  than  true  measure- 
ment 

( ):  estimated  measurement 
*:  estimated  measurement 

Order  Primates 
Family  Cercopithecidae 
Subfamily  Cercopithecinae  Gray,  1821 
Theropithecus  GeofFroy,  1843 

Theropithecus  brumpti  (Arambourg,  1947) 

Figures  15-17 

This  species  is  known  only  from  the  northern  part  of  the 
Lake  Turkana  Basin,  having  previously  been  reported  from 
the  Pliocene  parts  of  the  successions  at  Koobi  Fora  (Leakey 
and  Leakey,  1978)  and  Omo  (Eck,  1976).  Its  recovery  from 
the  Pliocene  strata  west  of  Lake  Turkana  therefore  comes  as 
no  surprise.  The  West  Turkana  specimens  of  T.  brumpti  are 
from  stratigraphic  levels  dated  between  2.5  and  3.4  Ma.  Those 
from  Koobi  Fora  are  of  similar  age  (Lokochot,  Tulu  Bor, 
and  lower  Burgi  members).  In  the  Omo  Shungura  sequence, 
T.  brumpti  has  been  confidently  identified  at  slightly  younger 
horizons  (Members  C.6-G.12,  2. 0-2. 6 Ma);  it  has  been  less 
certainly  identified  at  still  younger  (G.  12-1 3,  ca.  2.0  Ma)  and 
older  (B.  1 0-C.6,  2.49-2.69  Ma)  horizons  (Eck  and  Jablonski, 
in  press).  The  uncertainty  in  identification  arises  because 
these  authors  were  unable  to  distinguish  isolated  molars  of 
T.  brumpti  from  those  of  other  members  of  the  genus  and 
because  of  the  similarity  of  the  T.  brumpti  mandible  to  that 
of  T.  quadratirostris  (Iwamoto,  1982). 

A total  of  46  specimens  has  so  far  been  recovered  from 
seven  sites  in  the  Lomekwi  Member.  The  West  Turkana 
specimens  are  mostly  fragments  of  cranium  and  mandible 
although  one  reasonably  complete  cranium  was  recovered. 
There  were  very  few  associated  cranial  and  postcranial  ele- 
ments. The  material  is  typical  of  Theropithecus  brumpti  as 
described  by  Eck  and  Jablonski  ( 1 987).  The  mandibular  frag- 
ments are  distinctive  by  virtue  of  their  deep  fossae  and  rugose 
mental  ridges.  The  cranium,  WT  16828,  has  the  character- 
istic long  and  flat  but  rather  narrow  muzzle  dorsum,  sharply 
defined  maxillary  ridges,  deeply  excavated  maxillary  fossa, 
broad  flaring  zygomatics,  deep  and  robust  zygomatic  arches, 
“bow-shaped”  superior  margin  of  the  supraorbital  tori  with 
a deeply  excavated  depression  above  the  interorbital  region, 
and  strongly  developed  sagittal  and  nuchal  crests.  The  zy- 
gomatics are  particularly  striking,  extending  more  superiorly 
and  laterally  than  on  any  of  the  crania  described  from  the 
Omo  Valley.  The  development  of  the  zygomatics  in  this 
species  appears  to  be  somewhat  variable;  some  specimens 
from  the  Omo  succession  have  very  little  flare  while  others 
approach  the  condition  of  the  West  Turkana  specimen.  There 
is  evidence  for  considerable  sexual  dimorphism  in  the  size 
of  the  males  and  females;  one  specimen— WT  16747,  an  adult 
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Figure  15.  KNM-WT  16828,  Theropithecus  brumpti  cranium  from  the  upper  Lomekwi  Member  at  KU1;  dorsal  view. 
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Figure  16.  KNM-WT  16828,  Theropithecus  brumpti  cranium;  left  lateral  view. 


female  edentulous  symphysis— is  very  much  smaller  than 
any  of  the  male  specimens  while  an  adult  female  cranium 
(KNM-ER  1 564)  and  mandible  (KNM-ER  3023)  from  Koobi 
Fora  are  also  significantly  smaller  than  any  of  the  other  T. 
brumpti  specimens.  Jablonski  (1986)  has  found  considerable 
sexual  dimorphism  in  several  species  of  Theropithecus. 

In  their  recent  discussion  of  the  crania  of  Theropithecus 
species,  Eck  and  Jablonski  (1984)  have  proposed  that  two 
species  formerly  placed  in  Papio,  P.  baringensis  (Leakey, 
1969)  and  P.  quadratirostris  (Iwamoto,  1982)  be  transferred 
to  Theropithecus.  They  also  propose  that  T.  baringensis  from 
the  Chemeron  Formation  near  Lake  Baringo,  Kenya,  T. 
quadrirostratus  from  the  Onto  Usno  Formation  and  T. 
brumpti  from  the  Omo  Shungura  Formation  form  a phyletic 
lineage  from  strata  of  about  4 Ma,  3. 4-3. 3 Ma  and  2. 8-2.0 
Ma,  respectively.  This  theory  may  be  correct  but  the  age  of 
the  earliest  species  in  the  lineage  is  uncertain.  Theropithecus 
baringensis  is  known  only  from  site  JM  90/91  in  the  Chem- 
eron Formation.  The  problems  relating  to  the  age  of  this  site 
were  discussed  by  Birchette  (1982),  who  concluded  that  it  is 
older  than  2 Ma,  younger  than  5.4  Ma,  and  probably  younger 
than  4 Ma. 


Eck  and  Jablonski  (1984)  note  that,  whereas  the  crania  of 
the  three  species  are  distinctive,  the  mandibles  of  T.  brumpti 
and  T.  baringensis  are  very  similar  and  they  predict  that, 
when  found,  the  mandible  of  T.  quadratirostris  will  be  dif- 
ficult to  distinguish  from  those  of  the  other  two  species.  The 
mandibles  reported  here  from  L04  and  L05  are  of  about 
the  same  age  as  Omo  specimens  of  T.  quadratirostris  and 
may  represent  the  first  mandibles  of  this  species  to  be  re- 
covered. Attribution  of  the  mandibles  to  T.  brumpti  is  ten- 
tative, pending  the  recovery  of  crania  from  these  localities. 

Theropithecus  oswaldi  (Andrews,  1916) 

Theropithecus  oswaldi.  one  of  the  most  common  cercopithe- 
cines  in  the  fossil  record,  is  represented  at  many  East  African 
localities  dated  to  between  a little  less  than  1 and  approxi- 
mately 2 Ma.  At  Koobi  Fora  this  species  has  been  recovered 
from  the  upper  part  of  the  succession  (upper  Burgi,  KBS,  and 
Okote  members).  In  the  Omo  Valley  it  occurs  in  Shungura 
members  E.3  (2.4  Ma)  to  G.14  (2.0  Ma)  but  has  not  been 
recorded  from  higher  in  the  sequence.  Eck  (1987)  attributes 
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Figure  17.  KNM-WT  16828,  Theropithecus  brumpti  cranium;  anterior  view. 


its  absence  from  the  upper  Shungura  succession  to  an  in- 
ability to  identify  the  small  sample  of  very  fragmentary  spec- 
imens from  this  part  of  the  sequence. 

The  relatively  few  ( 1 0)  specimens  of  Theropithecus  oswaldi 
from  West  Turkana  add  nothing  to  the  morphological  in- 
formation available  for  specimens  of  this  species  from  other 
localities  (Jolly,  1972;  Szalay  and  Delson,  1979;  Leakey  and 
Leakey,  1973). 

In  the  Shungura  succession,  T.  oswaldi  co-occurs  with  T. 
brumpti  between  E.3  and  G.  12  (i.e.,  between  2.4  and  2.0 
Ma).  However,  this  interval  is  either  undocumented  or  un- 
fossiliferous  at  West  Turkana  and  Koobi  Fora,  and  the  two 
species  are  not  recorded  together  at  these  two  localities. 

Theropithecus  species  indeterminate 

An  upper  right  canine,  17405  from  KS1,  cannot  be  more 
positively  identified  to  species. 


Parapapio  Jones,  1937 
Parapapio  ado  (Hopwood,  1936) 

Parapapio  is  common  in  South  Africa  where  four  species 
have  been  recognized  (Freedman,  1957)  but  rare  in  East  Af- 
rica where  hitherto  only  one  species,  P.  ado,  has  been  de- 
scribed. A single  specimen  of  this  species,  WT  1 6752,  a fairly 
well  preserved  male  mandible  lacking  the  canine  and  as- 
cending rami,  was  recovered  from  the  lower  Lomekwi  Mem- 
ber at  L04.  The  specimen  is  similar  to  mandibles  of  this 
species  documented  from  Laetoli  (Leakey  and  Delson,  1987) 
but  is  rather  smaller  than  the  three  male  mandibles  recovered 
from  the  latter  locality.  The  teeth  are  within  the  size  range 
recorded  for  the  Laetoli  specimens. 

Parapapio  ado  is  also  represented  at  Koobi  Fora  by  a single 
specimen— KNM-ER  3122  — a fragment  of  right  mandible 
with  M2_3  from  Area  106,  but  has  not  yet  been  recorded  from 
the  lower  Omo  Valley. 

Identification  of  fragmentary  specimens  of  Parapapio  and 
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Figure  18.  KNM-WT  16287,  Paracolobus  mutiwa  mandible  and  maxilla  from  the  upper  Lomekwi  Member  at  LOl;  occlusal  view. 
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Figure  19.  KNM-WT  16287,  Paracolobus  mutiwa  mandible  and  maxilla;  right  lateral  view. 


Papio  is  difficult  because  the  principal  diagnostic  characters 
separating  these  two  genera  pertain  to  the  lateral  profile  of 
the  muzzle  dorsum  and  the  presence  or  absence  of  fossae  in 
the  maxilla. 

Parapapio  whitei  Broom,  1 940 
Parapapio  cf.  P.  whitei 

Two  specimens  are  provisionally  assigned  to  this  species. 
WT  16751  is  a left  mandible  with  Mw  from  L04  in  the 
lower  part  of  the  Lomekwi  Member  and  WT  16869  is  a left 
M,  from  KU2  in  the  upper  part  of  the  same  member.  Mea- 
surements of  M2  and  M3  of  16751  are  close  in  length  to  those 


of  Parapapio  whitei  from  Makapansgat  (Maier,  1970)  and 
from  Sterkfontein  (Freedman,  1957)  but  the  West  Turkana 
M2  is  narrower. 

This  is  the  first  reported  occurrence  in  East  Africa  of  P. 
whitei,  the  largest  of  the  Parapapio  species  recognized  from 
South  Africa.  A large  papionin,  Dinopithecus  ingens,  which 
may  be  better  assigned  to  Papio  (Delson,  1982),  has  been 
recovered  from  Swartkrans  and  Schurweberg  in  South  Africa, 
but  its  teeth  are  considerably  larger  than  the  West  Turkana 
specimens.  In  East  Africa  a large  papionin,  similar  in  size  to 
D.  ingens,  has  been  recognized  at  Laetoli  (Leakey  and  Delson, 
1987)  and  assigned  to  cf.  Papio  sp.  Only  one  specimen  of  a 
comparably  large  papionin  has  been  recovered  from  similarly 
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Figure  20. 


KNM-WT  16287,  Paracolobus  mutiwa  mandible;  left  lateral  view. 


ancient  strata  at  Koobi  Fora:  KNM-ER  7728,  an  unerupted 
molar  from  Area  260/26 1 . However,  from  higher  in  the  Koobi 
Fora  succession  (upper  Burgi,  KBS,  and  Okote  members),  a 
number  of  specimens  of  a papionin  close  in  size  to  modem 
representatives  of  the  genus  Papio  have  been  recovered.  Some 
of  these  specimens  have  distinct  maxillary  or  mandibular 
fossae  but  others  lack  such  fossae,  suggesting  that  both  Papio 
and  Parapapio  may  be  represented  in  this  interval.  Eck  (1976) 
reported  Papio  sp.  from  the  Omo  Usno  Formation  and  from 
Members  A-G,  J,  and  K of  the  Shungura  Formation  (i.e.,  an 
interval  spanning  1.2-3. 5 Ma).  These  specimens,  which  are 
mainly  isolated  teeth,  may  also  conceivably  include  repre- 
sentatives of  both  genera.  However,  Eck  and  Jablonski  ( 1 984) 
suggested  that  Papio  may  not  be  present  anywhere  in  the 
fossil  record;  some  specimens  previously  assigned  to  this 
genus  belong  in  Theropithecus  while  others  belong  in  Dino- 
pithecus.  Resolution  of  this  quandary  must  await  the  avail- 


ability of  more  complete  material  from  appropriate  time 
intervals. 

Subfamily  Colobinae  Blyth,  1875 
Paracolobus  R.  Leakey,  1969 
Paracolobus  mutiwa  M.  Leakey,  1982 

Figures  18-20 

Paracolobus  mutiwa,  the  largest  of  the  Plio-Pleistocene  colo- 
bines,  is  rather  poorly  known.  It  is  represented  by  two  spec- 
imens from  the  upper  Burgi  Member  at  Koobi  Fora  (ca.  2 
Ma).  In  the  lower  Omo  Valley  P.  mutiwa  has  been  recognized 
from  Shungura  Members  C,  F,  and  G,  whereas  isolated  teeth 
have  been  identified  with  less  certainty  from  Members  B 
through  G (Leakey,  1985).  The  type  species  of  the  genus, 
Paracolobus  chemeroni  Leakey,  1969,  is  known  from  only 
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Primate  specimen  lists  and  measurements. 


Theropithecus  brumpti  (Arambourg,  1947) 


Material 

referred 

KNM-WT  Specimen 

Site 

Material 

referred 

KNM-WT  Specimen 

Site 

16753 

female  md  (LI-P3,  RP3^„  RM2) 

LOl 

16894 

R max  frag  (M2-3) 

L05 

16754 

chipped  LM2 

L05 

16895 

R md  frag  (P3) 

L05 

16756 

LP 

LOl 

16896 

broken  molar 

L05 

16801 

R md  frag  (M,) 

LOl 

16897 

L/C 

L05 

16802 

frag  LM3 

LOl 

16898 

L M, 

L05 

16803 

R md  frag  (M2_3) 

LOl 

16899 

R M2 

L05 

16805 

cranial  frags  (LM3,  RM2~3) 

LOl 

16900 

lower  molar  frag 

L05 

16806 

md  (LP„  LM2_3,  RM2_3) 

LOl 

17553 

md  frags 

L05 

16808 

md  and  postcranial  frags 

LOl 

17554 

md  frags 

L05 

17421 

male  RC  frag 

LOl 

17555 

md 

L05 

17420 

lm2 

LOl 

16864 

md  frag  (M3),  M frag 

L09 

17571 

female  md  (RP4-M2,  LP3) 

LOl 

17422 

lower  M frag 

L09 

17569 

female  md  (M,_3) 

LOl 

17560 

md  and  prox  ulna 

L09 

16739 

molar  frag 

L04 

16862 

L max  (P3,  M1-2),  R max  (P3^*,  M2-3), 

16740 

lower  molar  frag 

L04 

temporal  frag 

LO10 

16742 

juvenile  md  frag 

L04 

16863 

md  frags  (RP,^,,  RM,  frag,  LP4,  LM,,  LM3) 

LO10 

16746 

L md  (M,^3) 

L04 

16828 

cranium  & postcranial  elements 

KU1 

16747 

female  md  symphysis 

L04 

16867 

lower  M frag 

KU1 

16748 

RC 

L04 

16890 

LP3 

KU1 

16749 

male  md  (LP3-M2) 

L04 

16865 

RM,  frag  and  M frag 

KU2 

16750 

md  frags  (LM2_3,  roots  RM,) 

L04 

16870 

md  frag  (M2/3),  prox  humerus 

KU2 

16754 

juvenile  cranial  frags 

L04 

16871 

R max  (M2) 

KU2 

16887 

female  max  & md  frags  (LP,  LM2-3,  RM,J 

L05 

16872 

LM3  frag 

KU2 

16888 

female  max  frags  (LP3-M3,  RP4-M', 
roots  RM3) 

L05 

Theropithecus  brumpti  cranial  measurements 
WT  16828 


Length  glabella  to  inion 

137.0 

Width  postorbital  constriction 

52.0 

Bizygomatic  width 

-153.0 

Depth  orbit 

32.4 

Width  orbit 

32.0 

Interorbital  width 

20.2 

Max  external  width  across  orbital  process  of  zygomatic 

102.5 

Max  external  width  across  zygomatic  processes 

87.0 

Max  width  across  maxillary  ridges 

47.5 

Length  nasals 

81.0 

Theropithecus  brumpti  dental  measurements 


16862 

16899 

16808 

C ap 

— 

— 

23.3 

tr 

— 

— 

12.7 

P3  ap 

8.5 

tr 

9.3 

PJ  ap 

9.2 

tr 

10.0 

M1  ap 

14.0 

tr 

12.2 

M2  ap 

16.5 

16.3 

tr 

14.5 

14.0 

M3  ap 

17.5 

tr 

14.2 
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Primate  specimen  lists  and  measurements  (continued). 


Theropithecus  brumpti  dental  measurements  (continued) 


16746 

16750 

16749 

16753 

16801 

16808 

17420 

17553 

I2  ap 

7.7 

tr 

6.0 

/C  ap 

5.3 

17.0- 

tr 

8.6  + 

1 1.0— 

P3  ap 

8.0  + 

tr 

6.7 

P4  ap 

8.4 

9.5 

9.8 

tr 

7.5 

7.5 

10.0  + 

M,  ap 

11.5 

14.0 

tr 

8.8 

10.2 

M,  ap 

14.2 

15.0 

16.5 

tr 

11.3  + 

1 1.2 

12.8 

M,  ap 

18.5 

19.3 

22.0 

21.0 

tr 

1 1.5 

13.5 

24.3 

22.2 

16863 

16888 

16894 

16897 

16898 

17571 

17560 

/C  ap 

15.5 

tr 

8.0 

P3  ap 

13.0 

9.0 

9.5 

tr 

8.5 

5.0 

7.2 

P4  ap 

10.5 

9.5 

tr 

8.7 

8.0 

M,  ap 

13.5 

12.5 

13.5 

tr 

12.8 

9.0 

9.5  + 

M,  ap 

16.0 

16.0 

tr 

1 1.5 

12.0 

M,  ap  20.6 

tr  14.0 


Theropithecus  oswaldi  (Andrews,  1916) 


Material 

referred 

KNM-WT  Specimen 

Site 

Material 

referred 

KNM-WT  Specimen 

Site 

14650 

L md  (M3) 

KG1 

14665 

RM3 

KL5 

14659 

female  md  (L  & R P4;  roots  L & R P3,  M,) 

KG1 

14666 

female  assoc  teeth  (L  /C,  LP,,  LMh  LM3, 

14655 

R /C 

KL3 

RP3) 

KL5 

14658 

female  md  (L  & R M2_3) 

17403 

edent  md  frag 

NCI 

14663 

R & L tibiae  frags,  prox  L femur,  dist  R 

KL3 

14660 

R md  (M2_3) 

NC2 

femur 

KL1 

17435 

partial  cranium 

NY2 

Theropithecus  oswaldi  dental  measurements 

14665 

17435 

14650 

14659 

14655 

14666 

M3  ap 

18.5 

18.5 

tr 

14.0 

12.5 

/C  ap 

15.3  + 

tr 

9.8  + 

P4  ap 

10.0- 

tr 

8.3 

M,  ap 

17.5 

22.0 

tr 

12.0 

13.0  + 

Theropithecus  sp.  indet. 

Material  referred 

KNM-WT  Specimen  Site 

17405  RC  KS1 
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Primate  specimen  lists  and  measurements  (continued). 


Parapapio  ado  (Hopwood,  1936) 

Material  referred 


KNM-WT 

Specimen 

Site 

16752 

male  md  (LP,-M,,  RI:-M:)  and  I2 

L04 

Parapapio  ado  lower  dentition  measurements 

Laetoli  P.  ado 

WT  16752 

mean 

range 

I,  ap 

4.5 

4.87 

4.5-5. 1 

tr 

6.4 

4.78 

3. 8-5. 3 

I,  ap 

5.0 

5.3 

tr 

7.1 

4.62 

3. 4-5. 9 

/C  ap 

5.9 

tr 

(10.0) 

P3  ap 

14.5 

1 1.5 

tr 

5.5 

5.4 

5.0-5. 8 

P4  ap 

6.0 

7.08 

5. 8-8.5 

tr 

5.6 

5.82 

5. 1-6.5 

M,  ap 

(8.5) 

9.07 

7.7-10.3 

tr 

(6.0) 

6.98 

6. 3-7. 9 

M,  ap 

(9.2) 

10.82 

9.6-12.5 

tr 

M,  ap 

(12.5) 

13.85  1 

12.5-15.3 

tr 

8.2 

8.92 

7.8-10.8 

Parapapio  whitei  Broom,  1940 

Parapapio  cf.  whitei 

Material  referred 

KNM-WT 

Specimen 

Site 

16751 

L md  (M,_3) 

L04 

16869 

LM, 

KU2 

Measurements  of  the  lower  molars  of  Parapapio  whitei  and  Dinopithecus  ingens  from  South  Africa  and  of 

Parapapio  cf.  whitei  from  West  Turkana 


m2 

ap 

tr 

tr/ap  x 100 

M, 

ap 

tr 

tr/ap  x 1 00 

Parapapio  whitei 

Parapapio  whitei 

Makapansgat 

Makapansgat 

M.3062  + 

12.4 

10.6 

85 

M.3062  + 

17.5 

1 1.6 

66 

M.3072  + 

13.2 

10.8 

82 

M.3072  + 

16.1 

1 1.0 

68 

Sterkfontein 

Sterkfontein 

STS  533* 

12.2 

10.9 

89 

STS  342* 

16.5 

11.1 

67 

STS  359* 

12.3 

10.4 

85 

STS  533* 

15.5 

1 1.1 

71 

STS  563* 

13.0 

10.6 

82 

STS  359* 

16.5 

1 1.1 

73 

STS  352* 

12.5 

10.8 

86 

STS  352* 

16.5 

10.8 

65 

STS  3 70 A* 

13.4 

10.5 

78 

Dinopithecus  ingens 

Dinopithecus  ingens 

Swartkrans 

Swartkrans 

SK  455* 

22.7 

13.7 

62 

SK  401* 

16.2 

13.1 

80 

SK  404* 

21.5 

13.6 

63 

SK  455* 

16.2 

13.0 

80 

SK  422* 

22.3 

12.8 

57 

SK  628A-B* 

16.2 

13.0 

80 

SK  492* 

21.5 

14.5 

67 

SK  432* 

16.2 

12.7 

78 

SK  428* 

20.0 

13.0 

65 

Parapapio  cf.  whitei 

SK  470* 

20.0 

12.6 

63 

West  Turkana 

Parapapio  cf.  whitei 

WT  16751 

12.6 

1 1.5 

91 

West  Turkana 

* From  Freedman,  1957. 

WT  16751 

17.2 

1 1.7 

68 

+ From  Maier,  1970. 

WT  16869 

17.2 

12.3 

71 
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Primate  specimen  lists  and  measurements  (continued). 


Paracolobus  R.  Leakey,  1969 
Paracolobus  mutiwa  M.  Leakey,  1982 

Material  referred 

KNM-WT  Specimen  Site 

16827  cranial  & postcranial  frags  LOl 


Paracolobus  mutiwa  dental  measurements 


WT 


16827 

Upper 

Lower 

12  ap 

7.8 

4.0  + 

tr 

7.5 

6.3 

C ap 

17.5 

13.3 

tr 

1 1.6 

9.8 

P3  ap 

10.0 

13.5  + 

tr 

10.0 

P4  ap 

9.0 

10.5 

tr 

10.8 

8.0 

M 1 ap 

1 1.8 

12.5- 

tr 

1 1.0 

8.2 

M2  ap 

13.3 

13.5 

tr 

12.3 

10.5 

M3  ap 

13.0 

15.5 

tr 

12.3 

10.2 

Cercopithecidae  gen.  & sp.  indet. 


Cercopithecidae  indet.  (large) 

Ceropithecidae  (small) 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT  Specimen 

Site 

16738 

prox  R humerus,  prox  R femur 

L04 

16736 

prox  & dist  R humerus,  prox  R ulna 

L04 

16877 

dist  L humerus 

L05 

16807 

dist  L femur,  dist  L scapula 

LOl 

16878 

dist  femur 

L05 

16866 

prox  R radius 

KU2 

16879 

R calcaneum,  head  femur 

L05 

Cercopithecidae  indet. 

16880 

L calcaneum 

L05 

16881 

dist  femur 

L05 

Material 

16884 

femur  frags,  prox  tibia,  innominate 

L05 

referred 

16886 

postcranial  frags 

L05 

KNM-WT  Specimen 

Site 

16868 

prox  R humerus 

KU2 

16744 

RP 

L04 

16873 

prox  R ulna,  L radius 

KU1 

16741 

broken  LI2 

L04 

16874 

L humerus 

KU1 

16885 

juv  md  frag 

L05 

16875 

R tibia 

KU1 

14657 

R /C  & postcranial  frags 

NK1 

Cercopithecidae  indet.  (medium) 

16743 

prox  L radius 

(GB) 

L04 

Material 

16882 

prox  R ulna 

L05 

referred 

17407 

L astragalus 

L05 

KNM-WT 

Specimen 

Site 

16889 

phalanx 

KL1 

16883 

humerus 

LOS 

17399 

prox  L femur 

NY2 

16891 

prox  R humerus,  prox  R ulna 

L05 

17402 

L/C 

NY2 

16892 

prox  L ulna 

L05 

17404 

prox  & dist  L femur 

NY2 

16893 

prox  L ulna 

L05 

16737 

dist  humerus  shaft 

L03 

16860 

R femur  shaft 

L03 

16861 

dist  femur 

L03 

16755 

dist  tibia 

LOl 

16876 

weathered  calcaneum 

KU1 
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one  specimen  from  site  JM  90/91  in  the  Chemeron  For- 
mation, a site  of  uncertain  age  as  mentioned  earlier. 

The  single  specimen  of  P.  mutiwa  from  West  Turkana, 
16827— cranial  and  postcranial  fragments  from  LOl  in  the 
upper  part  of  the  Lomekwi  Member— adds  significantly  to 
our  knowledge  of  this  species.  Hitherto,  the  most  complete 
specimen  of  this  species  was  the  holotype,  a fragment  of 
maxilla  associated  with  pieces  of  the  frontal  and  temporal 
from  Koobi  Fora  (Leakey,  1985).  The  West  Turkana  speci- 
men includes  a palate  (lacking  RI1  and  LI1-2),  a mandible 
(lacking  much  of  the  right  ramus,  a portion  of  the  right  body, 
and  the  incisors),  various  skull  fragments,  and  a number  of 
postcranial  elements  including  a complete  right  and  left  as- 
tragalus, left  calcaneum,  an  almost  complete  left  humerus, 
distal  right  humerus,  right  and  left  innominates,  and  frag- 
ments of  other  limb  bones  including  the  proximal  right  fe- 
mur, right  ulna,  distal  right  and  left  scapula,  and  right  hu- 
merus plus  hand  and  foot  bones  and  vertebrae. 

The  holotype  (and  only)  specimen  of  Paracolobus  chem- 
eroni  includes  much  of  the  postcranial  skeleton,  part  of  which 
has  been  described  in  detail  by  Birchette  (1982).  As  noted 
by  Leakey  (1985),  P.  mutiwa  differs  from  P.  chemeroni  by 
having  a more  pronounced  snout  with  a postcanine  fossa  and 
a wider  malar  region.  The  West  Turkana  specimen  docu- 
ments additional  differences  from  P.  chemeroni.  The  pre- 
molars (especially  P3)  are  relatively  larger,  and  although  the 
mandibular  ramus  is  wide  anteroposteriorly  at  the  level  of 
M3  it  narrows  towards  the  condyle.  The  mandible,  as  noted 
on  specimens  from  the  Omo  (Leakey,  1985),  has  a distinct 
oblique  ridge  on  the  medial  face  just  posterior  and  inferior 
to  M3 — a feature  which  also  separates  this  species  from  those 
of  Rhinocolobus.  In  the  upper  and  lower  dentitions  the  molars 
display  greater  wear  than  the  anterior  teeth.  The  postcranial 
elements  also  differ  in  relative  size,  suggesting  that  the  limbs 
of  P.  chemeroni  were  relatively  longer  than  in  P.  mutiwa;  the 
humerus  is  shorter  than  that  of  P.  chemeroni,  the  astragalus 
is  of  similar  or  slightly  smaller  size,  and  the  calcaneum  is 
distinctly  smaller.  The  West  Turkana  specimen  is  still  only 
partially  prepared  but  additional  morphological  differences 
from  P.  chemeroni  are  apparent  in  the  glenoid  fossa  of  the 
scapula  and  in  the  innominate. 

The  West  Turkana  specimen  is  the  most  complete  speci- 
men of  P.  mutiwa  yet  recovered  and  provides  the  first  pos- 
itively identified  I2,  upper  canines  and  postcranial  remains 
of  this  species.  The  holotype  specimen  is  a female  maxilla 
which  is  considerably  smaller  than  the  male  from  West  Tur- 
kana, suggesting  significant  sexual  dimorphism.  Initial  ob- 
servations support  the  original  attribution  of  this  species  to 
the  genus  Paracolobus  but  more  detailed  studies  of  the  post- 
cranial skeleton  are  required  to  confirm  this. 

Cercopithecidae  genus  and  species 
indeterminate 

A number  of  isolated  cercopithecid  postcranial  specimens 
and  other  fragmentary  material  cannot  be  identified  to  genus 
or  even  subfamily  without  further  study.  The  postcranial 


remains  are  mainly  of  large  and  medium-sized  individuals. 
Most  of  them  probably  represent  skeletal  elements  of  Thero- 
pithecus  brumpti  though  four  specimens  from  the  upper  part 
of  the  succession  may  belong  to  T.  oswaldi. 

Order  Carnivora 
Family  Canidae 
Canis  Linn.,  1758 

This  genus,  to  which  the  extant  species  of  jackals  belong, 
made  its  first  appearance  in  Africa  during  the  Pliocene.  Jack- 
als are  not  uncommon  in  Africa  during  the  Plio-Pleistocene 
although  other  canids  are  rare. 

Canis  mesomelas  Schreber,  1775 

This  species,  the  side-striped  jackal,  is  today  found  in  eastern 
and  southern  Africa  where  it  principally  inhabits  Acacia  and 
Commiphora  woodlands  and  thickets  (Kingdom  1977).  It  is 
the  only  extant  jackal  recorded  in  the  fossil  record.  The  ex- 
tinct subspecies  C.  m.  latirostris  is  recorded  from  Bed  I at 
Olduvai  (Petter,  1973)  while  from  South  Africa  the  extinct 
subspecies  C.  m.  pappos  is  known  from  Sterkfontein,  Swart- 
krans,  and  Kromdraai  (Ewer,  1956). 

Canis  cf.  C.  mesomelas 

Two  specimens  from  West  Turkana  compare  closely  to  C. 
mesomelas.  WT  14664,  a relatively  complete  right  mandible 
lacking  the  condyle  and  part  of  the  ramus,  was  recovered 
from  the  Kalochoro  Member  at  KG2.  The  incisors  and  P4 
are  missing  and  the  molars  are  worn.  WT  14988,  a proximal 
right  humerus,  was  recovered  from  the  Natoo  Member  at 
KL1.  Canis  cf.  mesomelas  occurs  at  Koobi  Fora  where  five 
specimens  are  known  from  horizons  above  and  below  the 
KBS  Tuff. 

Living  canids  are  a very  homogeneous  group  with  few 
skeletal  and  dental  differences.  The  extant  East  African  jack- 
als, C.  adustus,  C.  aureus,  and  C.  mesomelas,  are  therefore 
difficult  to  identify  to  species  even  from  complete  skeletons. 
The  specimens  from  West  Turkana  and  Koobi  Fora  are  ten- 
tatively referred  to  C.  mesomelas  largely  because  of  their 
similarity  to  specimens  from  Olduvai  Gorge  that  have  been 
attributed  to  C.  mesomelas. 

Lycaon  Brookes,  1827 

Lycaon  pictus,  the  extant  wild  dog,  has  been  recorded  from 
woodlands  and  grasslands  throughout  much  of  sub-Saharan 
Africa  although  in  many  areas  it  is  now  rare  or  absent.  Little 
is  known  of  the  evolution  of  this  genus  which  has  previously 
been  recognized  only  at  Elandsfontein  in  South  Africa  (Hen- 
dey,  1974).  Recently  Turner  (1986)  has  argued  that  the  large 
Olduvai  dog,  Canis  africanus,  described  by  Pohle  (1928)  was 
actually  a species  of  Lycaon,  but  the  cranium  and  mandible 
subsequently  recovered  from  Olduvai  in  1974  confirm  the 
original  attribution  to  Canis.  The  upper  first  molar  of  C. 
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afncanus  has  a divided  basin  to  accommodate  the  lower 
carnassial  talonid,  which  has  both  a hypoconid  and  an  ento- 
conid.  The  M1  of  Lycaon,  in  contrast,  has  a single  basin  and 
the  lower  carnassial  talonid  has  only  a hypoconid. 

cf.  Lycaon  sp. 

The  anterior  portion  of  a lower  right  M1,  WT  14994,  from 
the  Kalochoro  Member  at  KK,  is  significantly  larger  than 
that  of  any  species  of  jackal  but  is  smaller  than  the  large  dog 
Canis  afncanus  from  Olduvai  (Pohle,  1928).  The  West  Tur- 
kana  molar  fragment  may  also  be  distinguished  from  C.  af- 
ricanus  by  the  large  metaconid.  The  preserved  portion  of  the 
tooth  matches  that  of  Lycaon  pictus  but  it  is  only  tentatively 
referred  to  Lycaon  because  of  its  incomplete  nature.  The 
trigonid  length  of  the  WT  14994  is  14.3  mm  (paraconid 
length  (6.0  mm)  plus  protoconid  length  (8.4  mm)).  An  eden- 
tulous mandible  of  a similar  sized  canid  was  recovered  from 
Koobi  Fora  (KNM-ER  878). 

Family  Viverridae 
Mangos  Geoffroy  & Cuvier,  1795 

This  genus  was  recognized  at  Olduvai  where  three  species 
were  documented  (Petter,  1973).  The  single  extant  species. 
Mangos  mango  (the  banded  mongoose),  is  widely  distributed 
in  sub-Saharan  Africa  where  it  exploits  a variety  of  habitats 
including  savanna,  woodland,  and  gallery  forest  (Kingdon, 
1977). 

Mangos  dietrichi  Petter,  1963 

Two  West  Turkana  specimens  have  been  recovered  from  the 
middle  portion  of  the  Lomekwi  Member  at  L09.  WT  17575, 
comprising  right  and  left  mandibles  and  maxillae,  is  the  first 
record  of  an  associated  upper  and  lower  dentition  of  this 
species.  WT  16834  is  a right  mandible  with  P2  and  alveoli 
for  P,-M2.  Although  the  West  Turkana  specimens  may  be 
at  least  half  a million  years  older  than  those  from  Olduvai 
Bed  I (Petter,  1973),  they  are  dentally  similar.  This  genus 
has  not  been  recovered  from  Koobi  Fora. 

Civettictas  Pocock,  1915 

The  African  civet,  Civettictas  civetta,  the  only  extant  African 
representative  of  this  genus,  is  widespread  throughout  a va- 
riety of  habitats  in  sub-Saharan  Africa.  It  is  the  largest  vi- 
verrid  found  in  East  Africa  today. 

cf.  Civettictas  sp. 

A partial  palate  of  a large  viverrid  was  recovered  from  the 
middle  portion  of  the  Lomekwi  Member  at  LOIO.  The  spec- 
imen approximates  the  size  of  the  extant  C.  civetta  and  pre- 
serves the  left  third  incisor,  canine,  and  first  premolar,  and 
alveoli  for  the  left  P2"4  and  left  and  right  I1-2.  The  specimen 
differs  from  Pseadocivetta  ingens,  described  from  Olduvai 
Bed  I (Petter,  1973),  by  its  smaller  but  higher  crowned  P1. 
The  alveoli  for  P2-1  indicate  narrow  teeth,  thereby  contrasting 


with  the  typically  broad  teeth  of  Pseadocivetta.  Two  crania 
of  a large  viverrid  have  been  recovered  from  Koobi  Fora  but 
these  and  several  isolated  teeth  almost  certainly  represent 
Pseudocivetta  ingens.  The  West  Turkana  specimen  is  too 
fragmentary  to  refer  to  species  but  it  may  represent  the  first 
fossil  record  of  the  genus  Civettictas. 

Family  Flyaenidae 
Crocata  Kaup,  1828 

Crocuta  crocata,  the  spotted  hyaena,  occurs  throughout  much 
of  sub-Saharan  Africa.  The  earliest  record  of  Crocata  from 
this  region  is  at  Kakesio,  a site  in  Tanzania  that  is  older  than 
4 million  years  (J.  Barry,  pers.  comm.).  An  early  Crocuta 
also  occurs  at  Laetoli  (Barry,  1987)  and  in  the  Chemeron 
Formation  of  the  Tugen  Hills  sequence  (Hill  et  al.,  1985). 
These  early  forms  are  not  the  same  species  as  the  extant  C. 
crocuta. 

Crocata  crocuta  Erxleben,  1777 

The  spotted  hyaena  is  common  in  Plio-Pleistocene  assem- 
blages from  Koobi  Fora,  Olduvai  (Petter,  1973)  and  South 
Africa  (Kurten,  1956).  The  oldest  Koobi  Fora  specimen  is 
from  the  upper  Burgi  Member.  Two  rather  fragmentary  spec- 
imens from  West  Turkana  appear  to  represent  the  extant 
species.  WT  14995  is  a right  mandible  fragment  from  the 
Kalochoro  Member  at  KG1.  WT  14989  is  a right  mandible 
fragment  from  the  Nariokotome  Member  at  NCI. 

Crocuta  new  species 

Five  mandibular  specimens  from  the  lower  and  middle  parts 
of  the  Lomekwi  Member  (L04,  L05,  LOIO)  are  from  in- 
dividuals that  were  considerably  larger  than  the  extant  spot- 
ted hyaena.  The  mandibles  are  massive  and  have  deep  sym- 
physes, large  canines,  and  very  large  broad  premolars.  P3  is 
particularly  large  and  approximately  the  same  length  as  P4, 
in  contrast  to  the  condition  in  C.  crocata.  The  premolars  are 
also  rather  high  crowned  and  the  posterior  portion  of  P4  is 
enlarged.  M,  appears  to  have  been  relatively  long  and  narrow 
but  in  the  West  Turkana  specimens  this  tooth  is  not  well 
preserved. 

The  specimens  are  all  from  the  interval  between  the  Tulu 
Bor  Tuff  (=  B)  and  the  Warn  Tuff.  No  similar  specimens 
have  been  recovered  from  Koobi  Fora,  Olduvai,  Laetoli,  or 
from  the  Transvaal  cave  deposits  in  South  Africa. 

cf.  Crocata  species  indeterminate 

Also  from  the  lower  part  of  the  Lomekwi  Member  (L05)  are 
three  fragmentary  hyaenid  specimens  that  do  not  seem  to 
belong  to  the  new  Crocuta  species:  1 6847,  a left  upper  canine 
crown;  16848  a right  upper  canine;  and  16853,  a right  man- 
dible fragment  with  P3.  It  is  possible  that  these  are  related 
to  an  early  species  of  Crocata  from  Laetoli  reported  by  Barry 
(1987). 

The  early  evolution  in  Africa  of  the  genus  Crocuta  is  not 
well  understood  and  good  specimens  are  required  to  distin- 
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guish  between  the  recognized  taxa.  Several  small  specimens 
from  Laetoli  were  interpreted  by  Barry  (1987)  to  retain  a 
number  of  primitive  characters  and  to  perhaps  represent  an 
early  species  of  Crocuta.  The  P3  of  the  Laetoli  form  is  “not 
greatly  enlarged  relative  to  the  other  premolars  and  lacks  the 
small  anterior  cingulum  seen  in  most  C.  crocuta."  Only  one 
West  Turkana  specimen,  WT  16853,  preserves  this  diag- 
nostic tooth;  it  resembles  the  Laetoli  P3  in  being  small  and 
in  lacking  the  anterior  cingulum— although  this  might  be 
partially  obscured  by  damage  to  the  tooth.  WT  1 6853  is  close 
in  size  to  LAET  149  from  Laetoli,  which  has  a length  of  16.3 
mm  and  a width  of  1 7.2  mm,  but  is  smaller  than  the  mean 
of  the  Laetoli  sample  (length  = 1 7.2  mm  from  five  specimens, 
width  = 12.3  mm  from  four  specimens).  It  is  clear  that  more 
complete  material  from  West  Turkana  is  required  to  deter- 
mine the  relationship,  if  any,  between  the  three  specimens 
reported  above  and  the  Laetoli  species. 

Hyaena  Brisson,  1762 

Two  species  of  this  genus  occur  in  Africa  today.  Hyaena 
hyaena,  the  striped  hyaena,  is  found  in  eastern  and  northern 
Africa  and  is  well  represented  in  the  Pleistocene  fossil  record, 
whereas  H.  brunnea,  the  brown  hyaena,  is  restricted  to  south- 
ern Africa.  An  early  species,  H.  abronia,  from  Langebaanweg 
differs  from  the  extant  striped  hyaena  by  several  primitive 
characters  and  may  have  been  ancestral  to  the  extant  species 
(Hendey,  1974). 

Hyaena  hyaena  (Linn.,  1758) 

Four  specimens  attributable  to  this  extant  species  have  been 
recovered  from  West  Turkana:  WT  17573,  associated  man- 
dible and  maxilla  fragments  from  the  upper  Lomekwi  Mem- 
ber at  LOl;  WT  14991,  a left  mandible  from  the  Kalochoro 
Member  at  KG1;  and  two  specimens  from  the  Kaitio  Mem- 
ber—WT  17938,  a left  metacarpal  IV  from  NY2,  and  WT 
17434,  a right  mandible  from  NY4. 

Hyaena  hyaena  is  well  represented  at  Koobi  Fora  by  two 
complete  skulls  from  the  upper  Burgi  Member  (KNM-ER 
1548  and  3766)  and  other  specimens  from  the  KBS  and 
Okote  members.  Although  showing  some  similarities  to  the 
primitive  H.  abronia  from  Langebaanweg,  the  Koobi  Fora 
crania  are  clearly  more  advanced  and  belong  to  the  extant 
species.  Hyaena  hyaena  is  also  recorded  from  Olduvai  Gorge 
Beds  I and  II  (Petter,  1973)  and  from  Makapansgat  in  the 
Transvaal  (Toerien,  1952;  Ewer,  1967). 

Hyaenidae  genus  indeterminate 

16855  from  the  upper  Lomekwi  Member  at  KU1,  part  of  a 
mandible  associated  with  tooth  fragments  and  a phalanx,  is 
too  fragmentary  to  permit  identification  to  genus. 

Family  Felidae 
Dinofelis  Zdansky,  1924 

The  genus  Dinofelis,  the  false  sabretooth,  was  originally 
founded  upon  a species,  D.  abeli,  from  North  China  (Zdan- 


sky, 1924).  Subsequently  Hemmer  ( 1965)  demonstrated  that 
Therailurus  Piveteau,  1948,  was  a synonym  of  Dinofelis. 
Hemmer  considered  that  the  European  D.  diastema  was  an- 
cestral to  the  African  D.  barlowi  that  in  turn  gave  rise  to  D. 
piveteaui,  the  last  species  in  the  lineage.  Hendey  (1974)  has 
recorded  D.  diastema  from  Langebaanweg,  which  comprises 
the  earliest  record  of  the  genus  in  Africa,  and  Barry  (1987) 
has  recognized  the  genus  at  Laetoli.  The  genus  is  well  known 
from  later  Plio-Pleistocene  deposits  in  both  southern  and 
eastern  Africa.  Ewer  (1967)  had  described  both  D.  barlowi 
and  D.  piveteaui  from  the  Transvaal  and  Cooke  (in  litt.)  has 
described  some  very  complete  cranial  and  postcranial  spec- 
imens from  Bolt’s  Farm.  In  East  Africa  a very  complete  but 
undescribed  specimen  of  D.  piveteaui  has  been  recovered 
from  Kanam  East  and  a number  of  specimens  of  both  species 
are  known  from  the  Turkana  Basin  (Leakey,  M.G.,  1976; 
Howell  and  Petter,  1976). 

Dinofelis  cf.  D.  barlowi 

Two  specimens  have  been  recovered  from  the  middle  part 
of  the  Lomekwi  Member  at  LOIO— WT  16832,  an  edentu- 
lous left  mandible,  and  WT  16846,  a right  upper  canine.  This 
fragmentary  material  is  not  diagnostic  to  species  but  the  spec- 
imens are  referred  to  the  earlier  African  taxon  on  the  basis 
of  their  age  (below  the  Emekwi  Tuff).  Dinofelis  barlowi  is 
represented  by  over  a dozen  specimens  at  Koobi  Fora  where 
it  occurs  in  the  upper  Burgi  Member.  The  better  West  Tur- 
kana specimen,  WT  1 6832,  is  very  similar  to  KNM-ER  3880 
from  Koobi  Fora  Area  129. 

Homotherium  Fabrini,  1890 

Homotherium,  the  great  scimitar  cat,  was  founded  on  the 
Villafranchian  species  H.  nestianus  from  Europe  (Fabrini, 
1890).  The  holotype  is  not  well  preserved  but  a more  com- 
plete skull  from  Perrier,  Italy  (de  Bonis,  1976),  provides  good 
morphological  detail.  Homotherium  nestianus  is  very  similar 
to  a second  European  species  H.  sainze/li  (=  H.  crenatidens), 
which  is  known  from  a particularly  well  preserved  skull  and 
skeleton  (Ballesio,  1963).  De  Bonis  (1976)  considered  that 
the  differences,  which  include  the  larger  size,  more  reduced 
P3,  longer  diastema  between  P3  and  P4,  and  less  well  devel- 
oped P4  of  H.  nestianus,  were  sufficient  to  warrant  retention 
of  both  species. 

Homotherium  problematicus  (Ceilings,  1972) 

Figures  21-23 

Three  specimens  from  West  Turkana  are  attributable  to  this 
species:  WT  16881,  a right  ulna  from  the  lower  Lomekwi 
Member  at  LG4;  WT  16826,  cranial  and  postcranial  frag- 
ments from  the  upper  Lomekwi  Member  at  KU2;  and  WT 
1 7436,  a juvenile  edentulous  cranium  from  the  Kaitio  Mem- 
ber at  NY3.  The  latter  is  the  best  preserved  cranium  of  this 
genus  yet  reported  from  sub-Saharan  Africa.  All  the  teeth 
were  missing,  except  for  the  unerupted  permanent  canines 
which  remain  in  their  crypts,  but  some  incisors  were  sub- 
sequently recovered  by  sieving.  The  cranium  was  recovered 
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Figure  21.  KNM-WT  17436,  Homotherium  problematicus  cranium  from  the  Kaitio  Member  at  NY3;  dorsal  view. 


in  pieces,  revealing  parts  of  the  anterior  and  posterior  edges 
of  the  canines,  which  are  serrated.  WT  16826,  a very  broken 
juvenile  skeleton  with  its  epiphyses  unfused,  provides  many 
details  of  the  postcranial  morphology  of  this  large  sabretooth 
cat.  The  fragments  recovered  include  the  distal  left  scapula 
with  glenoid  process  and  spine,  diaphyses  of  the  humeri  and 
left  ulna,  portions  of  both  femora,  parts  of  both  fibulae,  a 
proximal  tibia  fragment,  left  scaphoid,  left  cuboid,  left  as- 
tragalus, left  metacarpal  I,  left  metatarsals  III  and  IV,  three 
distal  metapodials,  four  proximal  and  two  terminal  pha- 
langes, plus  rib  and  vertebrae  fragments. 


Homotherium  problematicus,  described  from  a squashed 
and  incomplete  cranium  from  Makapansgat  in  South  Africa 
(Codings,  1972),  was  incorrectly  referred  to  the  genus  Me- 
gantereon  (Hendey,  1974).  Codings  et  al.  (1976)  later  reas- 
signed this  specimen  to  H.  cf.  H.  nestianus.  The  East  African 
Homotherium  specimens  almost  certainly  belong  to  the  same 
species  as  the  specimen  from  Makapansgat,  and  the  new  West 
Turkana  cranium  (17436)  indicates  that  this  species  is  not 
H.  nestianus.  Characters  that  distinguish  the  East  African 
species  from  the  European  species  include  the  following:  the 
snout  is  significantly  shorter  relative  to  the  length  of  the 
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Carnivore  specimen  lists  and  measurements  (continued). 


Carnivore  specimen  lists  and  measurements. 


Canis  cf.  mesomelas 

Material  referred 

KNM-WT 

Specimen 

Site 

14664 

R md  (/C-P3>  M,_2) 

KG2 

14988 

prox  R humerus 

KL1 

Canis  cf.  mesomelas  dental  measurements 
14664 


/C 

ap 

7.5  + 

tr 

5.8 

P, 

ap 

— 

tr 

3.0  + 

P2 

ap 

8.6 

tr 

3.8 

P, 

ap 

9.0 

tr 

3.8 

M, 

ap 

17.2  + 

tr 

7.0+ 

M, 

ap 

8.8 

tr 

6.0 

Mungos  dietrichi  Petter,  1973 

Material  referred 

KNM-WT 

Specimen 

Site 

16834 

R md  (P2,  alveoli  P3-M4) 

L09 

17575 

L max  (P3-M2),  R max  (P3-M‘) 

L md  (P4-M2),  R md  (/C,  P2,  P4-M2) 

L09 

Mungos  dietrichi  dental  measurements 

16834  17575 

P3  ap 

5.0 

tr 

3.9 

PJ  ap 

6.2 

tr 

6.5 

M1  ap 

4.8 

tr 

7.5 

M2  ap 

3.2 

tr 

5.4 

/C  ap 

3.0 

tr 

4.0 

P2  ap 

4.4 

tr 

2.3 

P4  ap 

6.0 

tr 

3.7 

M,  ap 

5.8 

tr 

3.7 

M,  ap 

5.2 

tr 

3.5 

cf.  Civettictus  sp. 

Material  referred 

KNM-WT 

Specimen 

Site 

16852 

L max  frag  (LI3-P2) 

LO10 

cf.  Civetlictus  sp.  dental  measurements 
16852 


I3  ap 

4.6 

tr 

4.1  + 

C ap 

5.7  + 

tr 

— 

P3  ap 

4.9 

tr 

3.5 

Crocuta  crocuta  Erxleben,  1777 

Material  referred 

KNM-WT 

Specimen 

Site 

14989 

R md  frag  (root  /C) 

NCI 

14995 

R md  (P3_4  roots  /C,  P2,  M,) 

KG1 

Crocuta  crocuta  dental  measurements 

14995 

P3  ap 

20.5  + 

tr  ant 

15.0  + 

tr  post 

15.5- 

P4  ap 

21.9- 

tr  ant 

13.9  — 

tr  post 

14.4- 

Crocuta  new  species 

Material  referred 

KNM-WT 

Specimen 

Site 

16843 

L md  (M,) 

L04 

16845 

R md  (P2,  alveoli  /C,  I2_3 

L05 

16849 

R md  (P2J|) 

L05 

16851 

L md  (P2_3,  roots  P4-M,) 

LO10 

17408 

R md  frag  & R m/c  III 

L05 

Crocuta  new  species  dental  measurements 

16843  1 

16849 

16851 

P2  ap 

17.4 

17.2  — 

tr  ant 

12.8 

— 

tr  post 

14.3 

1 1.8 

P3  ap 

24.1 

21.7  — 

tr  ant 

18.0 

15.7 

tr  post 

16.7 

15.3 

P4  ap 

24.0 

tr  ant 

15.8 

tr  post 

15.7 

M,  ap 

29.5  + 

tr  ant 

12.0 

tr  post 

13.2 

cf  Crocuta  sp.  indet. 

Material  referred 

KNM-WT 

Specimen 

Site 

16847 

LC 

L05 

16848 

RC 

L05 

16853 

R md  (P,) 

L05 
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Carnivore  specimen  lists  and  measurements  (continued). 


Carnivore  specimen  lists  and  measurements  (continued). 


Crocuta  sp.  indet.  dental  measurements 


16847 

16848 

16853 

C ap 

16.0 

17.0 

tr 

13.0 

13.0 

P,  ap 

1 6.5  — 

tr  ant 

11.5 

tr  post 

— 

Hyaena  hyaena  (Linn.,  1758) 

Material  referred 


KNM-WT 

Specimen 

Site 

14991  Lmd(PrM,) 

KG1 

17398  L m/cIV 

NY2 

17434  Rmd(P,-M,) 

NY4 

17573  L&R 

. max  frags  (I3,  P4)  & md  frags 

LOl 

Hyaena  hyaena  dental  measurements 

1 

7434  14991 

17573 

I3  ap 

9.5 

tr 

8.0 

P2  tr 

7.7  + 

P3  ap 

18.0  + 

tr  ant 

10.3 

tr  post 

10.3  + 

P4  ap 

21.3  18.5  + 

tr  ant 

10.5  9.6 

tr  post 

11.0  10.4  + 

M,  ap 

24.0  21.2  + 

tr  ant 

11.5  9.6 

tr  post 

10.0  9.0+ 

Dinofelis  cf.  barlowi 

Material  referred 

KNM-WT 

Specimen 

Site 

16832 

edentulous  L md 

LO10 

16846 

RC 

LO10 

Homotherium  prohlematicus  (C ollings,  1972) 

Material  referred 

KNM-WT 

Specimen 

Site 

16826 

cranial  and  postcranial  frags 

KU2 

17436 

juv.  edentulous  cranium 

NY  3 

16881 

R ulna 

L04 

Homotherium  prohlematicus  cranial  measurements 

17436 

Length  cranium  (ant  border  foramen  magnum  to 

ant  I1  alveolus) 

-250  + 

Bizygomatic  breadth 

-180 

Height  nasal  aperture 

31 

Width  across  postorbital  processes 

91 

Width  postorbital  constriction 

64 

Max  width  across  external  border  of  condyules 

62 

Max  height  condyle 

29.5 

Width  calvarium 

86.5 

Width  snout  anterior  to  infraorbital  foramen 

77 

Length  diastema  post  border  C/  alveolus  to  ant 

border  P3  alveolus 

8.5 

Length  ant  border  C/  to  post  border  camassial 

-92 

Length  ant  border  P3  to  post  border  camassial 

-61 

Homotherium  prohlematicus  dental  measurements 


16826  17436 

I1  ap 

9.4 

tr 

8.5  + 

I2  ap 

9.7  12.0 

tr 

10.5+  11.0  + 

P3  ap 

11.5 

tr 

5.9 

I,  ap 

6.2 

tr 

4.8 

Carnivora  gen.  & sp.  indet. 

Material  referred 

KNM-WT 

Specimen 

Site 

14568 

L dl  (Canidae?) 

KL1 

14990 

dist  m/p 

KG1 

14992 

L humerus  frag  (Viverridae?) 

KK 

14993 

L M/t  IV  ( Dinofelis ?) 

LK1 

16833 

dist  M/c  V 

L04 

16835 

R ulna 

L05 

16838 

dist  R radius 

L04 

16839 

prox  R radius  (Crocuta?) 

L04 

16850 

dist  L humerus  (Viverridae?) 

KU2 

16856 

prox  R ulna  (Crocuta  crocuta?) 

LO10 

17406 

R astragalus  (Crocuta  sp.  indet.?) 

L05 

braincase  and  it  is  relatively  wide;  the  orbit  is  less  clearly 
defined  because  both  the  frontal  and  zygomatic  postorbital 
processes  are  small;  the  foramen  magnum  is  relatively  large; 
P,  is  less  reduced  and  is  double-rooted.  The  relative  im- 
maturity of  the  West  Turkana  cranium  may  account  for  some 
but  not  all  of  these  differences.  The  earliest  Homotherium 
specimens  from  Koobi  Fora  are  from  the  Lokochot  and  Tulu 
Bor  members  and  several  have  come  from  the  upper  Burgi 
and  KBS  members. 

Felidae  genus  indeterminate 

Cranial  and  postcranial  fragments  of  an  immature  felid 
(16859)  have  been  recovered  from  the  upper  Lomekwi  Mem- 
ber at  KU 1 but  cannot  be  allocated  to  genus. 

Carnivora  Indeterminate 

Additional  carnivore  material,  mainly  isolated  postcranial 
elements,  cannot  be  more  positively  identified  at  present. 

Order  Proboscidea 

Family  Deinotheriidae 

Deinotherium  Kaup,  1829 

Deinotherium  bozasi  Arambourg,  1934 

Deinothere  enamel  is  sufficiently  distinctive  that  even  small 
fragments  suffice  for  identification.  Indeed  1 1 of  the  12deino- 
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Figure  22.  KNM-WT  17436,  Homotherium  problematicus  cranium;  ventral  view. 


there  specimens  recovered  from  West  T urkana  comprise  only 
fragments  of  enamel  although  one  complete  upper  second 
molar  (WT  16721)  was  recovered  from  KU2.  Only  a single 
deinothere  species  has  been  recognized  from  the  Plio-Pleis- 
tocene  of  East  Africa,  founded  on  material  described  origi- 
nally from  the  Omo  succession  (Arambourg,  1934).  The  one 
complete  tooth  from  West  Turkana  is  of  comparable  size  to 
others  from  the  Lake  Turkana  basin.  The  youngest  specimen. 


14986  from  NN,  is  of  similar  age  to  the  youngest  occurrence 
of  this  species  at  Koobi  Fora. 

Family  Elephantidae 

Both  Elephas  and  Loxodonta  species  have  been  recovered 
from  the  West  Turkana  localities.  Elephas  recki  is  the  com- 
monest elephant,  and  is  represented  by  E.  recki  brumpti  in 
the  lower  part  of  the  sequence  and  E.  recki  shungurensis  in 
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Figure  23.  KNM-WT  17436;  Homotherium  problematicus  cranium,  right  lateral  view. 


Figure  24.  KNM-WT  16830,  Loxodonta  adaurora  RM3  from  the  lower  Lomekwi  Member  at  L05;  occlusal  view. 
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Figure  25.  KNM-WT  16470,  Loxodonta  adaurora  RM,  fragment  from  the  lower  Lomekwi  Member  at  L04;  occlusal  view. 


the  middle  part.  A few  specimens  of  more  progressive  sub- 
species have  been  recovered  from  the  upper  portion.  Loxo- 
donta is  rarer  but  is  represented  by  three  species— L.  adau- 
rora and  L.  exoptata  in  the  lower  portion  of  the  sequence 
and  an  unnamed  species  of  Loxodonta  in  the  upper. 

Loxodonta  Cuvier  & St.  Hilaire,  1825 

Loxodonta  adaurora  Maglio,  1970 

Figures  24,  25 

Erected  by  Maglio  in  1970,  this  species  was  subsequently 
interpreted  by  Beden  (1983)  to  be  divisible  into  two  subspe- 
cies on  the  basis  of  material  from  Koobi  Fora.  Loxodonta 
adaurora  adaurora , the  type  subspecies,  occurs  in  strata  older 
than  3 Ma  while  a more  progressive  subspecies,  L.  adaurora 
kararae,  was  recognized  from  the  latest  Pliocene.  All  the 
identifiable  material  of  this  species  so  far  recovered  from 
West  Turkana  belongs  to  the  nominate  subspecies. 

Four  specimens  have  been  collected  from  the  lower  part 
of  the  sequence:  WT  14540,  a posterior  fragment  of  LM3 
from  LK1;  16470,  a fragment  of  right  mandible  with  the 
posterior  half  of  M3  from  L04;  16830,  a fragment  of  right 
maxilla  with  M3  from  L05;  and  16594,  a fragment  of  left 
M3  also  from  L05.  The  first  specimen  is  from  the  Kataboi 
Member  and  the  other  three  from  the  lower  part  of  the  Lo- 


mekwi Member.  The  teeth  of  this  species  are  characterized 
by  thick  enamel  and  widely  spaced  plates. 

Loxodonta  exoptata  (Dietrich,  1941) 

Figure  26 

Loxodonta  exoptata  is  a progressive  loxodont  that  may  have 
evolved  from  L.  adaurora  and  forms  part  of  the  lineage  lead- 
ing to  the  extant  African  elephant  (Beden,  1983).  It  was  first 
recognized  by  Dietrich  from  the  area  now  called  Laetoli  but 
has  subsequently  been  identified  at  several  localities  in  the 
northern  part  of  the  eastern  Rift  Valley.  Only  one  specimen 
of  this  species  has  been  recovered  from  West  Turkana  — WT 
16458,  a right  maxilla  fragment  with  M3  from  L04  in  the 
lower  part  of  the  Lomekwi  Member.  This  tooth  is  in  an 
advanced  state  of  wear.  Of  its  nine  plates,  the  first  four  are 
heavily  worn  while  the  last  two  have  yet  to  come  into  oc- 
clusion. The  tooth  has  relatively  thick  enamel  and  prominent 
anterior  and  posterior  pillars  which,  in  mid-wear,  impart  a 
“lozenge”-shape  typical  of  the  plates  of  the  extant  African 
elephant.  The  plates  are  fairly  widely  separated  with  only 
four  plates  in  the  anterior  10  cm  of  the  tooth. 

Loxodonta  sp. 

WT  17470  comprises  molar  fragments  from  NY3  in  the 
Kaitio  Member.  These  have  much  thicker  enamel  and  more 
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widely  spaced  lophs  than  specimens  of  Elephas  recki  so  far 
recovered  from  anywhere  in  the  West  Turkana  sequence.  The 
thick  enamel  (4.4  mm)  and  diamond-shaped  occlusal  surfaces 
on  worn  plate  fragments  suggest  the  specimen  is  a loxodont 
but  the  specimen  is  too  incomplete  for  further  identification 
or  for  meaningful  measurements  to  be  taken. 

Elephas  Linn.,  1735 

Elephas  recki  Dietrich,  1915 

Maglio  (1970,  1973)  recognized  four  successive  evolutionary 
stages  in  this  species.  Beden  (1980,  1983)  later  identified  five 
stages  (and  three  variants  of  one  of  these)  and  formally  in- 
terpreted them  as  subspecies  of  Elephas  recki.  Four  of  these 
subspecies  have  been  recognized  in  the  West  Turkana  se- 
quence. 

Elephas  recki  brumpti  Beden,  1980 

Figures  27,  28 

This  is  the  most  primitive  subspecies  in  the  lineage  and  has 
been  recovered  from  four  sites  in  the  lower  portion  of  the 
Lomekwi  Member  and  from  L03  in  the  upper  part  of  this 


member.  Teeth  of  E.  recki  brumpti  may  be  distinguished 
from  those  of  L.  adaurora  by  having  thinner  and  more  cren- 
ulated  enamel  on  the  plates,  and  by  the  more  numerous  and 
more  closely  spaced  plates.  Although  the  plates  are  separated 
by  median  pillars,  when  worn  these  form  simple  rounded 
sinuses  rather  than  contributing  to  the  lozenge-shaped  wear 
pattern  characteristic  of  plates  of  the  more  progressive  Lox- 
odonta  species. 

Elephas  recki  shungurensis  Beden,  1980 

Figures  29,  30 

This  subspecies  is  represented  in  the  upper  part  of  the  Lo- 
mekwi Member  (eight  specimens),  the  Lokalalei  Member 
(one  specimen),  and  the  Kalochoro  Member  (four  speci- 
mens). Molars  of  E.  recki  shungurensis  can  be  distinguished 
from  those  of  E.  recki  brumpti  by  their  greater  number  of 
plates  and  thinner  and  more  crenulated  enamel. 

Elephas  recki  cf.  ileretensis  Beden,  1980 

Figure  31 

Only  two  specimens  of  this  subspecies  are  known  from  West 
Turkana:  WT  14539,  a right  M3  from  KL6  and  WT  17497, 
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Figure  27.  KNM-WT  16387,  Elephas  recki  brumpti  palate  with 
LM2-3  and  RM3  from  the  middle  Lomekwi  Member  at  L09;  occlusal 
view. 


left  and  right  M3  fragments  from  NY2,  both  from  the  Kaitio 
Member.  The  taxonomic  assignment  is  made  primarily  on 
stratigraphic  provenance  but  the  teeth  are  clearly  more  pro- 
gressive (in  terms  of  number  of  plates,  enamel  thickness,  etc.) 
than  those  from  lower  in  the  succession. 


Figure  28.  KNM-WT  1 6009,  Elephas  recki  brumpti  LM3  fragment 
from  the  lower  Lomekwi  Member  at  L05;  occlusal  view. 


Elephas  recki  recki  Dietrich,  1915 

Figure  32 

This  subspecies  is  represented  by  three  specimens  from  the 
Nariokotome  Member  (the  uppermost  fossiliferous  portion 
of  the  Pleistocene  strata):  WT  14503,  a mandible  (with  left 
and  right  M2_3)  from  NCI;  14538,  a left  M2  fragment  from 
NCI;  and  14983,  also  a left  M2  fragment,  from  NCI.  Though 
none  of  the  teeth  is  directly  comparable  with  those  of  E.  recki 
cf.  ileretensis,  the  specimens  from  NC2  have  thinner  enamel, 


seem  to  be  more  hypsodont,  and  have  plates  that  are  more 
closely  spaced. 

Order  Perissodactyla 
Family  Equidae 

Hipparion  De  Christol,  1832 

Most  of  the  Hipparion  material  from  West  Turkana  com- 
prises isolated  teeth  and  these  seem  to  belong  to  three  species 
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Proboscidean  specimen  lists  and  measurements. 


Deinotherium  bozasi  Arambourg,  1934 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

16721 

LM2 

KU2 

16592 

indet  tooth  frags 

16593 

enamel  frag 

L05 

14984 

enamel  frag 

16590 

enamel  frag 

KU1 

16723 

enamel  frag 

16591 

enamel  frag 

LAI 

16724 

molar  frag 

14986 

enamel  frags 

NN 

16722 

molar  frags 

14987 

enamel  frags 

LK1 

16589 

molar  frags  (RM1-2) 

Deinotherium  bozasi  dental  measurements 

16721 

LM-  ap  111 

prot  1 1 1 

met  100 


Loxodonta  Cuvier  & St.  Hilaire,  1825 
Loxodonta  adaurora  Maglio,  1970 

Material  referred 


KNM-WT 

Specimen 

Site 

14540 

posterior  fragment  LM3 

LK1 

16470 

R md  frag  (post  1/2  M3) 

L04 

16830 

R max  frag  (M3) 

L05 

16594 

LM3  frag 

L05 

Loxodonta  adaurora  dental  measurements 
14540  16470 

16830 

16594 

No.  plates 

1 

K> 

1 

xlOx 

5- 

No.  plates  in  wear 

-1  -5 

10 

5- 

Total  length 

-65  -115 

263 

100- 

Max  width 

80 

94 

78  + 

Enamel  thickness 

4.5  5.3 

5.2 

4.5 

Frequency  of  folding 

0 1-2 

1-2 

1-2 

Amplitude  of  folding 

0 1 

1 

1 

Laminar  frequency 

- 4.5 

4.5 

4.5 

Material  referred 
KNM-WT 

Loxodonta  exoptata  (Dietrich,  1941) 
Specimen 

Site 

16458 

R max  frag  (M3) 

L04 

Loxodonta  exoptata  dental  measurements 


16458 

No.  plates  9 

No.  plates  in  wear  7 

Total  length  of  tooth  223  mm 

Length  of  wear  surface  182  mm 

Maximum  width  91  mm 

Enamel  thickness  3.6  mm 

Frequency  of  folding  2 

Amplitude  of  folding  2 

Laminar  frequency  4 


Loxodonta  sp. 

Material  referred 

KNM-WT  Specimen  Site 

17470  molar  frags  NY3 


Site 

L09 

KG 

KU1 

L03 

L09 

L02 
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Probiscidean  specimen  lists  and  measurements  (continued). 


Elephas  recki  Dietrich,  1915 
Elephas  recki  brumpti  Beden,  1980 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16457 

R & L M'  & M2  frag 

LO10 

16012 

LM,  frag 

L05 

16456 

RM’  frag 

L03 

16013 

L max  frag  (PJ) 

L04 

16008 

RM2 

L04 

16455 

RM'  frag 

L09 

16010 

LM1'2  frag  & RM'  frags 

L05 

1601 1 

LM,  frag 

L04 

16007 

RM2’  frag 

L05 

16387 

max  (R  & L M3)  & md  frags  (R  & LM,) 

L09 

16009 

LM,  frags 

L05 

16629 

L max  frag  (M1) 

L03 

Elephas  recki  brumpti  dental  measurements 


PJ 

M1 

M22 

M' 

16013 

16629 

16457 

16008  16007 

16387 

16457 

16456 

No.  plates 

-4- 

6- 

-3 

-9 

-7- 

-5 

-1 1 

6- 

Plates  in  wear 

4 

1 

3 

7 

7 

5 

-4 

3 

Total  length 

74  + 

102  + 

70+ 

152  + 

147  + 

100 

216 

149  + 

Max  width 

— 

57 

— 

70 

84 

81 

89 

92 

Height 

— 

82 

— 

70  + 

— 

— 

102 

120 

Enamel  thickness 

2.9 

3.9 

4.0 

2.5 

3.4 

3.0 

4.2 

4.1 

Frequency  of  folding 

3-4 

— 

3-4 

3-4 

3-4 

- 

1-2 

2-3 

Laminar  frequency 

- 

5.5 

- 

5-6 

5-6 

6? 

4.5 

3. 5-4. 5 

M' 

M, 

M, 

16455 

16387 

16010 

16012 

16009 

1601 1 

16387 

No.  plates 

-7 

8- 

10 

-6 

10 

-6 

9- 

Plates  in  wear 

5 

4 

4 

6 

9 

-5 

— 

Total  length 

105  + 

204  + 

177  + 

101  + 

217 

103  + 

— 

Max  width 

78 

91 

83 

69 

92 

64 

— 

Height 

— 

- 

94  + 

- 

- 

73  + 

- 

Enamel  thickness 

3.8 

4.0 

2.8 

3.2 

3.6 

2.8 

- 

Frequency  of  folding 

- 

2 

3 

4 

2-3 

2-3 

- 

Laminar  frequency 

6 

4 

5 

6 

5 

6 

6 

Elephas  recki  shungurensis  Beden,  1980 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16169 

R md  frag  (M,_,) 

L03 

16680 

M,  and  M'  frags 

KU3 

16230 

RM, 

frag 

L03 

16679 

RM' 

KU2 

16233 

LM1 

L08 

16678 

L & R M'  frags 

KU1 

14494 

md  frags  (L  & RM,) 

KK 

16234 

R md  frag  (M2_,) 

L02 

14537 

M:  & M,  frags 

KG1 

16232 

LM,  frag 

LOl 

14985 

RPJ  frag 

KG 

16231 

RM, 

L03 

15007 

astragalus 

KK 

Elephas  recki  shungurensis  dental  measurements 

P4 

M1 

M'  M, 

M, 

14985 

16233 

16679 

16678 

16231 

14537 

16169 

16232 

16230 

16234 

No.  plates 

-5 

10 

13 

11- 

8 

-7- 

-12 

-5 

-8 

8- 

Plates  in  wear 

-4 

I 

5 

4 

6 

2 

— 

-4 

— 

8 

Total  length 

— 

117 

238 

205  + 

122 

— 

210  + 

98 

154  + 

— 

Max  width 

60 

59 

81 

91 

58 

77 

— 

86 

75 

79  + 

Max  height 

— 

59 

133 

129 

69  + 

82 

— 

— 

105 

103  + 

Enamel  thickness 

2.0 

2.4 

3.6 

3.1 

3.3 

3.1 

— 

3.1 

— 

3.5 

Frequency  of  folding 

3-4 

5 

4 

— 

4-5 

2-3 

— 

3 

— 

3-4 

Laminar  frequency 

- 

9 

6 

5.5 

7 

6 

6 

6 

5.5 

5.5 

(14494:  M3:  laminar  frequency  = 5) 
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Probiscidean  specimen  lists  and  measurements  (continued). 

Elephas  recki  cf.  ileretensis  Beden,  1980 

Material  referred 

KNM-WT  Specimen  Site 

14539  RM3  KL6 

17497  L&RM3  frags  NY2 


Elephas  recki  cf.  ileretensis  dental  measurements 

M3 


No.  plates 

14539 

xl6x 

Plates  in  wear 

1 1 

Total  length 

274 

Max  width 

88 

Max  height 

132 

Enamel  thickness 

3.8 

Frequency  of  folding 

3 

Laminar  frequency 

6 

Material  referred 
KNM-WT 
14503 
14538 
14983 

Elephas  recki  recki  Dietrich,  1915 

Specimen 
R & L md  (M2_3) 

LM:  frag 
LM,  frag 

Elephas  recki  recki  dental  measurements 

m2 

Site 

NCI 

NCI 

NCI 

m3 

14538 

14503 

14503 

No.  plates 

-7- 

-7 

-13 

Plates  in  wear 

-6 

-7 

— 

Max  length 

114  + 

200 

■245  + 

Max  width 

65 

77 

142 

Max  height 

82 

— 

— 

Enamel  thickness 

2.4 

2.4 

Frequency  of  folding 

5 

4-5 

Laminar  frequency 

6-7 

6 

5.5 

Material  referred 
KNM-WT 

Elephantidae  indet. 
Specimen 

Site 

16014 

dP2? 

L04 

16267 

dP2  , frag 

L04 

that  were  described  by  Eisenmann  (1983)  from  horizons  of 
equivalent  age  at  Koobi  Fora.  Only  one  species  — Hipparion 
hasumense— is  recognized  from  the  early  part  of  the  West 
Turkana  sequence.  The  synonymy  and  diagnosis  of  this 
species,  and  the  description  of  material  from  the  early  portion 
of  the  Koobi  Fora  sequence,  are  given  in  Eisenmann  (1983). 

Hipparion  hasumense  Eisenmann,  1983 

A total  of  36  specimens  of  this  species  has  been  recovered 
from  sites  in  the  Kataboi  and  Lomekwi  members.  The  teeth 
may  be  distinguished  from  others  occurring  later  in  the 
succession  on  the  bases  of  the  molars  being  appreciably  smaller 
than  the  premolars,  of  the  apically  tapering  exostylids  that 


are  not  always  visible  unless  the  tooth  is  at  least  moderately 
worn,  and  of  the  presence  of  deep  vestibular  grooves  in  the 
premolars. 

Hooijer  and  Churcher  (1985)  recognized  two  species  of 
Hipparion  in  the  lower  part  of  the  Omo  Shungura  Formation 
(Members  B through  G)— a small  form  that  they  compare  to 
H.  sitifense  and  a larger  species  which  they  did  not  name. 
Eisenmann  (1985)  concurred  but  pointed  out  that  the  real 
(North  African)  representatives  of  H.  sitifense  had  primitive 
lower  teeth  that  are  not  documented  from  the  Omo  sequence. 
Neither  set  of  authors  referred  to  the  previously  published 
Koobi  Fora  material.  Hooijer  and  Churcher  did  not  provide 
measurements  of  the  teeth  that  they  discussed.  Eisenmann 
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did  not  provide  specific  identifications  for  the  Omo  teeth 
listed  in  her  tables,  which  were  measured  at  a height  2 cm 
above  their  bases  (the  measurements  of  the  West  Turkana 
specimens  were  taken  at  their  occlusal  surfaces).  It  seems 
likely  that  at  least  some  of  the  West  Turkana  specimens  here 
identified  as  H.  hasumense  are  conspecific  with  Hipparion 
sp.  as  recognized  from  the  Omo  succession  but  more  detailed 
evaluation  must  await  the  collection  of  more  complete  ma- 
terial. 

Hipparion  ethiopicum  (Joleaud,  1933) 

Eisenmann  (1983)  discussed  the  difficulties  of  interpreting 
the  type  material  listed  for  this  taxon  by  Joleaud  (1933)  and 
her  reasons  for  provisionally  assigning  the  Koobi  Fora  ma- 
terial to  Hipparion  cf.  ethiopicum.  With  the  possible  excep- 
tion of  two  specimens  discussed  in  a later  section,  all  the 
West  Turkana  hipparion  teeth  from  strata  that  postdate  the 
Kalochoro  Tuff  (=  F)  seem  attributable  to  the  same  taxon. 
Hooijer  and  Churcher  (1985)  interpreted  this  form  as  a sub- 
species of  Hipparion  libycum. 

Hipparion  cf.  H.  ethiopicum 

Figure  33 

The  1 1 specimens  attributed  to  this  species  represent  the 
dominant  hipparion  in  the  later  part  of  the  sequence  (Kalo- 
choro through  Natoo  members).  The  teeth  may  be  distin- 
guished from  those  found  lower  in  the  succession  by  their 
elongate  protocones,  by  the  premolars  being  of  similar  size 
to  the  molars,  by  the  small  vestibular  grooves,  and  by  the 
ectostylids  becoming  visible  at  least  shortly  after  wear. 
Whether  or  not  this  sample  represents  more  than  one  species, 
and  the  appropriateness  of  the  name  adopted,  must  await 
the  retrieval  and  study  of  more  complete  material. 

Hipparion  cornelianum  (Van  Hoepen,  1930) 

WT  17524,  from  KS1  in  the  Kaitio  Member,  consists  of 
portions  of  a male  cranium  including  parts  of  both  sides  of 
the  premaxilla,  a right  maxilla  fragment  with  P2,  P4,  and  M1, 
and  portions  of  the  cranial  vault.  F and  I2  are  large  teeth.  I3 
is  greatly  reduced  and  set  laterally  to  and  behind  I2.  I3  is 
separated  from  the  canine  (the  crown  of  the  right  canine  is 
partially  preserved,  the  left  canine  is  represented  only  by  a 
root)  by  a short  diastema.  The  specimen  from  Koobi  Fora 
attributed  to  this  species  by  Eisenmann  (1983)  is  immature 
and  there  is  no  sign  of  the  third  incisor,  but  the  West  Turkana 
specimen  fits  the  diagnosis  provided  by  Eisenmann  and  the 
cheek  tooth  morphology  is  closely  comparable  to  the  Koobi 
Fora  specimen.  A second  specimen,  WT  17528,  a left  pre- 
maxilla fragment  with  I1"2  from  KS1,  would,  from  the  con- 
figuration of  the  incisors,  appear  conspecific  with  WT  1 7524. 

Although  the  two  specimens  from  KS1  fit  the  description 
of  the  premaxilla  of  H.  cornelianum  they  also  represent  the 
only  hipparion  premaxillae  recovered  from  West  Turkana 
and  conceivably  belong  to  H.  cf.  ethiopicum.  As  Eisenmann 


Figure  29.  KNM-WT  1 6679,  Elephas  reck/  shungurensis  RM1  from 
the  upper  Lomekwi  Member  at  KU2;  occlusal  view. 


(1985)  points  out,  symphyses  from  Olduvai  attributed  to  H. 
cf.  ethiopicum  by  Hooijer  (1975a)  include  examples  with  and 
without  reduced  third  incisors.  While  it  serves  some  purpose 
to  refer  to  examples  with  progressive  (reduced)  incisors  by 
name,  additional  material  is  needed  to  establish  to  which  of 
several  evolving  hipparion  lineages  the  specimens  belong. 

Equus  Linn.,  1758 

Nearly  all  the  Equus  specimens  recovered  from  West  Tur- 
kana consist  of  isolated  teeth.  While  these  are  readily  distin- 
guishable from  cheek  teeth  of  Hipparion.  their  attribution  to 
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Figure  30.  KNM-WT  1 6234,  Elephas  recki  shungurensis  right  mandible  fragment  (RM2_3)  from  the  upper  Lomekwi  Member  at  L02;  occlusal 
view. 


Figure  31.  KNM-WT  14539,  Elephas  recki  ileretensis  RMJ  from  the  Kaitio  Member  at  KL6;  occlusal  view. 
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Figure  32.  KNM-WT  14503A,  Elephas  recki  recki  right  mandible  fragment  (M,_3)  from  the  Nariokotome  Member  at  NCI;  occlusal  view. 


Figure  33.  KNM-WT  14545,  Hipparion  cf.  H.  ethiopicum  right  mandible  fragment  (P„-M3)  from  the  Kalochoro  Member  at  KK;  occlusal 
view. 
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Equid  specimen  lists  and  measurements. 


Hipparion  hasumense  Eisenmann,  1983 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16084 

LM, 

L04 

16109 

LP324 

L05 

161 14 

rm, 

KU2 

16100 

RP324 

L04 

16093 

LM, 

L04 

16091 

LP3/4  frag 

L04 

16087 

RM,_3 

L04 

16116 

LP2 

KU2 

16102 

RMi/2  frag 

L02 

16127 

LM1'2 

L04 

16124 

LM,,  LM  frag 

KU2 

14543 

RM1'2  frag 

LK2 

16121 

rmi/2 

NS1 

16085 

RM122  frag,  RM„,  frag 

L04 

16101 

LM,_, 

L09 

16098 

RM3 

L04 

16086 

rmi/2 

L04 

16125 

RM3 

L05 

16108 

lp2 

L05 

16106 

RM122 

LOl 

16105 

lp„4 

L02 

16090 

RM122 

L06 

16126 

RP„  RP4 

L04 

16096 

RM122 

L04 

16104 

RM,,  RM„  LM1/2 

L05 

16099 

LM1-3 

LO10 

16097 

LMd  frag  (PM) 

LO10 

16089 

RM  frag 

L04 

16107 

lp„4 

L05 

16103 

RP,/4  germ 

L05 

16117 

L md  frag  (P2_3-.) 

LO10 

16115 

lat  m/p 

KU2 

16092 

lp,/4 

L04 

16123 

R astragalus 

L05 

16095 

Rp3/4 

L04 

16113 

RMi/2 

NS1 

Hipparion 

hasumense  dental  measurements 

16084 

16114 

16093 

16101 

16104 

16087 

16126 

16108 

161 

P2 

ap 

31.7 

tr 

15.0 

P3 

ap 

26.2 

tr 

19.4 

P4 

ap 

28.3 

tr 

16.5 

M, 

ap 

tr 

14.8 

m2 

ap 

24.9 

25.6 

22.9 

tr 

15.3 

14.4 

16.3 

M, 

ap 

26.9 

25.1 

26.1  + 

28.5 

30.3 

— 

24.6 

tr 

1 1.4 

1 1.7 

13.0 

12.9 

14.9 

14.2 

12.3 

16086 

16121 

16102 

16105 

16107 

16092 

16103 

P3M 

ap 

25.4 

30.9 

28.5 

30.6 

tr 

15.2 

15.8 

17.2 

15.7 

m,,2 

ap 

22.6 

25.2 

— 

tr 

16.3 

11.3 

11.9 

16095 

16109 

16100 

16091 

161 16 

16127 

14543 

16106 

P2 

ap 

31.5 

tr 

23.0 

p3/4 

ap 

28.2 

29.3  + 

32.3 

30.1 

tr 

28.7 

29.3 

24.6 

M122 

ap 

25.5 

25.8 

23.0 

tr 

24.3 

— 

21.4 
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Equid  specimen  lists  and  measurements  (continued). 

Hipparion  hasumense  dental  measurements  (continued) 


16085 

16098 

16125 

16096 

16090 

16099 

16124 

p3/4 

ap 

29.0 

tr 

22.7 

Ml/2 

ap 

24.6 

23.9 

27.0 

21.9 

tr 

— 

19.7 

23.3 

17.7 

M' 

ap 

26.2 

tr 

24.4 

M2 

ap 

23.9 

tr 

24.8 

M3 

ap 

24.6 

tr 

22.4 

Astragalus 

16123 

lat  It 

53 

med  It 

59 

tib  tr 

48 

n/c  tr 

44 

dv 

38 

Hipparion  cf.  ethiopicum 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

161 19 

LM  |/2 

LAI 

14542 

molar  frags  (RP3/4,  RM12),  RI 

KL4 

14544 

RM,2 

KG1 

16051 

RM'2 

KL1 

161 10 

LM,,,  frag 

LAI 

1611 1 

LM1/2  frag 

LAI 

16112 

LM,,,  frag 

LAI 

17449 

incisors 

NY4 

14545 

R md  frag  (P4-M3) 

KK 

17526 

LP3/4 

KS1 

16120 

RP2 

LAI 

14545 


P2  ap 
tr 

P3/4  ap 
tr 

Ml/2  ap 
tr 

P4  ap 

23.8 

tr 

15.6 

M,  ap 

24.2 

tr 

13.1 

M,  ap 

23.5 

tr 

13.2 

M,  ap 

24.2 

tr 

M V4  ap 
tr 

Mi/2  ap 
tr 

11.4 

Hipparion  cf.  ethiopicum  dental  measurements 


7526 

161 19 

14544 

16120 

14542 

16051 

30.2  + 

23.2 

25.9 

25.2 

23.1 

21.0 

18.1 


28.1 

19.0 

20.7  22.8 

12.8  13.4 


Hipparion  cornelianum  (Van  Hoepen,  1930) 

Material  referred 

KNM-WT  Specimen  Site 

17524  male  cranial  frags  KS1 

17528  L premax  frag  (I1-2)  KS1 
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Equid  specimen  lists  and  measurements  (continued). 

Hipparion  cornelianum  dental  measurements 
WT  17524 


P2 

ap 

26.9  + 

tr 

22.0 

P4 

ap 

23.9 

tr 

23.5 

M1 

ap 

23.3 

tr 

23.3 

Equus  sp.  indet. 


Material 

referred 

Material 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14686 

L md  frag  (P,-M,) 

KK 

14668 

RP2  frag 

NCI 

14689 

R md  (P,-M,) 

KL3 

14688 

RP5/4 

KL1 

14684 

R md  frag  (P3-M,) 

NCI 

16054 

RP3'4 

KL1 

16057 

lm,,2 

KL1 

14690 

RM12 

KL1 

14669 

lm1/2 

KI1 

14691 

RM1  2 

KL3 

16079 

LM,  & int  phalanx 

KL1 

14694 

LM3  frag 

LK3 

14670 

LP,« 

KL1 

14744 

LP2 

NCI 

14666 

LM, 

NCI 

14692 

M frag 

KK 

16059 

LM, 

KL1 

16058 

M frag 

KL1 

14677 

LM, 

NCI 

14685 

M frag 

NK3 

14674 

rm„2 

NCI 

14682 

R max  frag  (M1  2)  & enamel  frags 

KK 

14676 

lp3/4 

KK 

16078 

LM3 

KL1 

14665 

rp2 

NC3 

14675 

premax  frag  (RI2'3,  LI2) 

KG1 

14681 

assoc  RP„4,  LM3,  RP3/4,  enamel  frags 

NCI 

17426 

LP3-M\  RP2,  RP4-M3 

NY4 

16094 

LM3 

LAI 

17454 

RM3 

KL1 

14679 

RP2,  RM'2,  LP324,  LM3 

KK 

17461 

lp3/4 

KL1 

14673 

RM3 

KG 

17477 

L md  frag  (M,_3) 

NY2 

14693 

assoc  LP3,  LM1  - & 
p/c  elements 

KL1 

17499 

LP3'4 

NCI 

Equus  sp.  dental  measurements 


14686 

14689 

14684 

16079 

16059 

14666 

14677 

17477 

P2 

ap 

36.4 

32.1 

tr 

18.2 

16.6 

P3 

ap 

32.2 

31.8 

28.7 

tr 

19.8 

16.4 

21.9 

P4 

ap 

31.6 

28.4 

27.6 

tr 

18.9 

14.3 

21.6 

M, 

ap 

27.2 

29.7 

24.0 

tr 

18.1 

14.4 

19.8 

M, 

ap 

27.9 

30.6 

34.4 

28.2 

25.9  + 

tr 

16.8 

12.3 

13.7 

12.2 

14.7 

M, 

ap 

32.3 

35.6 

33.3 

33.3 

tr 

15.4 

12.1 

14.5 

15.2 

14676 

14665 

16057 

14670 

14669 

14674 

14681 

17460 

P3/4  ap 

34.2 

32.2  + 

29.8 

28.1 

tr 

18.5 

14.4  + 

19.2 

15.6 

M„ 2 ap 

23.5 

29.0 

31.0 

26.0 

tr 

16.1 

14.5 

15.5 
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Equid  specimen  lists  and  measurements  (continued). 

Equus  sp.  dental  measurements  (continued) 


14668  17426 

17454 

17499 

16078 

14744 

14673 

16094 

14694 

P2  ap 

40.7 

40.7 

tr 

24.6 

25.0 

P3  ap 

30.2 

30.7 

tr 

28.3  27.4 

26.6 

P4  ap 

30.2 

tr 

28.4 

M1  ap 

25.9 

tr 

25.8 

M2  ap 

27.4 

tr 

27.0 

M3  ap 

26.7 

27.1 

23.0 

26.0 

26.5 

26.1 

tr 

23.3 

22.4 

20.5 

28.4 

22.8 

22.8 

14682  16054 

14688 

14679 

14681 

14690 

14691 

14693 

P2  ap 

40.7 

tr 

28.0 

P3/4  ap 

29.2  31.9 

27.4 

29.7 

29.7 

24.8 

tr 

— — 

25.9 

31.1 

— 

25.4 

M1  - ap 

23.1 

23.2 

25.8 

23.9 

26.3 

tr 

— 

— 

25.4 

23.8 

26.8 

M3  ap 

29.6 

tr 

28.4 

Equidae  indet. 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16088 

dist  R radius 

L08 

14671 

R dist  tibia 

KL3 

14683 

dist  R radius 

KL1 

14687 

dist  L tibia 

KK 

16048 

terminal  phalanx 

KL1 

17453 

cranial  frag 

KL1 

14678 

proximal  phalanx 

NN 

17459 

radius  frags 

KL1 

species  of  Equus  that  have  been  previously  recognized  from 
elsewhere  in  the  Lake  Turkana  Basin  is  a task  which  will  be 
deferred  until  more  complete  material  is  available  for  study. 

Equus  species  indeterminate 

Figure  34 

The  36  Equus  specimens  from  the  Kalochoro,  Kaitio,  Natoo, 
and  Nariokotome  members  appear  to  represent  only  a single 
species,  though  which  one  is  open  to  question.  The  common 
Equus  species  from  Koobi  Fora  was  E.  koobiforensis  ac- 
cording to  Eisenmann  (1983),  but  the  relationship  of  the 
latter  to  E.  olduwayensis  has  yet  to  be  clarified.  Hooijer  and 
Churcher  (1985)  attributed  all  the  Equus  specimens  from  the 
Omo  succession  to  E.  oldowayensis.  Eisenmann  (1985),  wary 
of  the  great  variation  in  size  and  proportions  of  postcranial 
material  referred  to  the  latter  taxon,  instead  identified  Equus 
numidicus  and  E.  stenonis  vireti  from  Shungura  Member  G 
and  Grevy’s  zebra  (E.  grevyi)  from  the  upper  part  of  Member 
L.  Unfortunately  neither  Eisenmann  nor  Hooijer  and 


Churcher  attempted  comparisons  of  the  Omo  material  with 
that  from  Koobi  Fora. 

Equidae  Indeterminate 

In  addition  to  the  specimens  described  above  there  are  a 
number  of  postcranial  elements  that  have  not  at  present  been 
identified  to  genus. 

Family  Rhinocerotidae 

The  two  extant  genera  of  African  rhinos  are  represented  in 
the  West  Turkana  sequence.  Of  the  two,  the  remains  of  Di- 
ceros  are  less  common  and  are  indistinguishable  from  rep- 
resentatives of  the  extant  species. 

Dicer  os  Gray,  1821 
Dicer  os  bicornis  (Linn.,  1758) 

The  extant  black  rhinoceros  is  a conservative  species  that 
appeared  as  long  ago  as  3.5  Ma  in  the  Upper  Laetolil  Beds 
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Figure  34.  KNM-WT  14686,  Equus  sp.  indet.  left  mandible  fragment  (P,-M3)  from  the  Kalochoro  Member  at  KK;  occlusal  view. 


(Guerin,  1 987).  Diceros  bicornis  has  been  retrieved  only  from 
the  upper  Burgi  and  KBS  members  of  the  Koobi  Fora  For- 
mation (Harris,  1983:139)  but  in  the  Shungura  succession  is 
represented  in  the  Mursi  and  Usno  formations  and  in  all 
members  of  the  Shungura  Formation  except  Member  E 
(Guerin,  1985;  Hooijer  and  Churcher,  1985). 

The  black  rhino  is  represented  at  West  Turkana  in  the 
Lomekwi,  Kaitio,  and  Nariokotome  members.  The  10  spec- 
imens include  the  occipital  region  of  a cranium  (WT  16731) 
from  L03,  the  proximal  portion  of  a third  metacarpal  (WT 
14501)  from  NC2,  and  eight  other  isolated  teeth  or  partial 
dentitions.  The  occiput  has  a width  of  205  mm  at  the  mastoid 
processes.  The  width  of  the  occipital  condyles  is  120  mm 
and  the  height  of  the  nuchal  crest  above  the  basioccipital  is 
199  mm.  The  proximal  articulation  of  the  third  metacarpal 
is  56  mm  wide. 


Ceratotherium  Gray,  1867 

Ceratotherium  simum  (Burchell,  1817) 

Two  species  of  Ceratotherium  occur  in  the  Pliocene  and  Pleis- 
tocene assemblages  from  the  Lake  Turkana  Basin.  Ceratothe- 


rium praecox  Hooijer  & Patterson,  1972,  was  founded  on 
material  from  Lothagam  and  Kanapoi  to  the  southwest  of 
Lake  Turkana  and  has  been  subsequently  recognized  in  strata 
older  than  3 Ma  at  Langebaanweg  in  South  Africa  (Hooijer, 
1972),  at  Hadar  in  Ethiopia  (Guerin,  1985),  at  Koobi  Fora 
(Harris,  1983:131-132)  and  in  the  Tugen  Hills  sequence  (Hill 
et  al.,  1985)  in  Kenya,  and  Laetoli  in  Tanzania  (Guerin, 
1987).  Ceratotherium  praecox  was  replaced  by  an  extinct 
subspecies  of  the  extant  white  rhino  — C.  simum  germa- 
noafricanum— at  about  3 Ma  and  the  latter  in  turn  gave  rise 
to  C.  simum  simum  at  about  2 Ma  (Guerin,  1985).  In  the 
Omo  succession,  C.  praecox  is  recognized  only  from  the  Mur- 
si Formation  (Hooijer  and  Churcher,  1985)  while  C.  simum 
was  the  common  rhino  throughout  the  Shungura  sequence. 

The  upper  teeth  of  specimens  of  this  genus  are  relatively 
more  hypsodont  than  those  of  Diceros,  are  more  elongate 
anteroposteriorly  and  proportionately  less  wide,  have  more 
obliquely  placed  lophs,  sinuous  ectolophs,  and  have  medi- 
fossettes  formed  by  the  union  of  crotchet  and  crista.  The 
lower  teeth  of  Ceratotherium  tend  to  be  taller  than  those  of 
Diceros  (the  mandibular  ramus  is  correspondingly  deeper  to 
accommodate  them),  and  have  lophids  that,  at  least  in  little 
worn  specimens,  are  more  obliquely  aligned.  The  cranium 
of  Ceratotherium  is  more  elongate,  larger,  and  the  occiput 
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Rhinocerotid  specimen  lists  and  measurements. 


Diceros  bicornis  ( Linn.,  1758) 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16727 

RM2,  RM5 

LOIO 

14498 

R md  frag  (RP2^,  RM,) 

LK4 

16728 

LM3 

L04 

16732 

lower  teeth  (RP3_4,  RM,,  LM,) 

L05 

16725 

LP3 

LOS 

16731 

occiput 

L03 

16726 

LP4 

L03 

16730 

lower  teeth  frags  (RM,,  RM,) 

LOIO 

16729 

RP2  frag 

LOIO 

14501 

prox  L me  III 

NC2 

Diceros  bicornis  dental  measurements 


16729 

16727 

16728 

16725 

16726 

14498 

16730 

16732 

P2  ap  ext 

33.1 

P2 

ap 

27.9 

met 

32.7 

prot 

17.7 

P3  ap  ext 

40.5 

hyp 

21.3 

ap  int 

40.0 

P3 

ap 

40.2 

44.9 

prot 

59.1 

prot 

24.7 

29.3 

met 

49.6 

hyp 

30.0 

31.7 

PJ  ap  ext 

44.4 

P4 

ap 

44.2 

45.0 

ap  int 

39.8 

prot 

30.0 

25.8 

prot 

57.2 

hyp 

34.9 

27.5 

met 

53.0 

M, 

ap 

50.2 

M2  ap  ext 

61.1 

prot 

28.5 

ap  int 

53.4 

hyp 

31.2 

prot 

69.9 

M, 

ap 

49.8 

55.0 

53.0 

met 

56.5 

prot 

33.4 

37.3 

31.8 

M3  ap  ext 

61.5 

66.5 

hyp 

30.0 

28.5 

ap  int 

62.8 

66.1 

tr 

51.1 

60.4 

Ceratotherium  simum  (Burchell,  1817) 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16734 

cranial  frags  (LP4-M3) 

L03 

16548 

LP4 

LOS 

17169 

md  (LP2-M„  RP3-M3) 

L03 

16709 

RM1  frag 

L03 

16585 

R md  frags  (P;,-M2) 

L04 

16716 

RdP2  frag 

L04 

14502 

R md  (Pj-M,) 

LK4 

16715 

M frags 

L04 

16718 

R max  frag  (M2-3) 

LOIO 

16547 

LM,  frag 

L04 

16720 

juv  maxilla  (RdP3-M‘) 

L03 

16546 

RP  frag 

L04 

16586 

associated  teeth  (R  & L P4-M2) 

LOS 

16549 

RP2 

L03 

16596 

L md  frags  (M,_3) 

L03 

16597 

RdP,^,  frags 

L04 

14496 

L md  frags  (dP2  4) 

KL6 

17464 

RM1 

NY3 

14495 

L astragalus 

KL6 

17503 

RM, 

NCI 

14500 

prox  R int  III 

KI1 

17512 

LP3  frag 

KS1 

16717 

LP3 

L04 

17513 

cranial  frags 

NY3 
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Rhinocerotid  specimen  lists  and  measurements  (continued). 


Ceratotherium  simum  dental  measurements 

16586 

16718 

16720 

16734  16717 

16548 

17464 

dP1  ap  ext 

40.2 

ap  int 

36.8 

prot 

46.2 

met 

45.9 

dP4  ap  ext 

45.2 

ap  int 

43.9 

prot 

53.2 

met 

51.6 

P1  ap  ext 

44.4 

ap  int 

34.4 

prot 

43.5 

met 

39.7  + 

P4  ap  ext 

45.9 

52.0 

ap  int 

34.5 

43.8 

prot 

44.3 

52.6 

met 

35.1 

47.7 

M1  ap  ext 

53.1 

58.8 

65.5 

ap  int 

48.8 

41.7 

55.8 

prot 

43.4 

44.1 

54.1 

met 

45.8 

35.1 

36.6 

M:  ap  ext 

55.5 

54.9 

ap  int 

61.3 

51.7 

prot 

50.3 

64.1 

67.2 

met 

56.8 

53.2 

58.2 

IVF  ap  ext 

71.1 

72.0 

ap  int 

56.4 

57.4 

tr 

54.6 

47.3 

14502 

16596 

17169 

16585  14496 

16547 

16549 

dP,  ap 

20.8 

tr 

11.5 

dP,  ap 

32.9 

prot 

17.6 

hyp 

19.5 

dP,  ap 

41.6 

prot 

21.8 

hyp 

23.3 

dP4  ap 

45.0 

45.3 

prot 

32.6 

24.5 

hyp 

31.7 

24.2 

P2  ap 

34.3 

27.1 

prot 

21.3 

20.0 

hyp 

19.4 

19.5 

P3  ap 

37.6 

40.0 

prot 

28.5 

24.6 

hyp 

26.5 

25.2 

P4  ap 

48.8 

45.3 

prot 

28.9 

25.7 

hyp 

27.4 

29.1 

M,  ap 

41.4 

41.5 

46.1 

41.6 

— 

prot 

29.4 

31.2 

27.7 

27.8 

28.6 

hyp 

26.9 

— 

29.3 

28.6 

— 

M,  ap 

49.7 

50.3 

55.9 

prot 

30.2 

— 

27.0 

hyp 

32.0 

34.2 

26.1 

M,  ap 

59.8 

prot 

28.0  + 

16597 


33.7 

55.1 

33.1 

35.8 
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Rhinocerotid  specimen  lists  and  measurements  (continued). 


Ceratolherium  postcranial  measurements 


Prox  MT  III 

14500 

Astragalus 

14495 

prox  ap 

46 

lat  It 

96 

prox  tr 

55 

med  It 

100 

tib  tr 

103 

n/c  tr 

100 

dv 

72 

slopes  backwards  and  upwards  from  the  occipital  condyles 
rather  than  being  vertically  oriented  as  in  Diceros. 

Twenty-four  specimens  of  Ceratolherium  simian  have  been 
recovered  from  10  sites  west  of  Lake  Turkana;  16  are  from 
the  Lomekwi  Member,  seven  from  the  Kaitio  Member,  and 
one  from  the  Nariokotome  Member. 

Rhinocerotidae  Indeterminate 

Several  incomplete  upper  premolars  are  too  fragmentary  for 
identification  to  genus.  These  include  WT  14497  from  LK1, 
16509  from  L04,  and  14499  from  NCI. 

It  is  interesting  that  the  37  rhino  specimens  were  recovered 
from  only  1 2 sites.  Only  two  specimens  were  from  sites  (KI 1 , 
LK1)  in  the  eastern  edge  of  the  region  and  only  one  specimen 
was  from  a site  (KS1)  which  associated  faunal  evidence  sug- 
gests was  close  to  a major  body  of  water.  Fossil  representa- 
tives of  the  two  rhino  genera  thus  appear  to  have  shared  a 
similar  habitat  preference. 

Order  Artiodactyla 

Family  Suidae 

Notochoerus  Broom,  1925 

Notochoerus  teeth  are  common  from  the  lower  and  middle 
portions  of  the  West  Turkana  succession.  Two  species  are 
present— TV.  euilus  in  the  lower  portion  and  TV.  scotti  in  the 
middle.  They  are  not  always  easy  to  distinguish  on  the  basis 
of  incomplete  tooth  fragments  but  TV.  euilus  has  only  four 
major  pairs  of  pillars  in  the  upper  and  lower  third  molars 
whereas  TV.  scotti  has  five  or  more.  Notochoerus  scotti  teeth 
also  tend  to  be  larger,  wider,  and  taller.  It  seems  probable 
that  N.  scotti  was  derived  from  N.  euilus  but  a few  teeth  with 
identical  morphology  to  that  of  N.  euilus,  although  rather 
smaller  in  size,  are  documented  from  the  middle  part  of  the 
Shungura  succession  (Harris  and  White,  1979).  This  morph 
has  not  so  far  been  recognized  at  West  Turkana  sites. 

Notochoerus  euilus  (Hopwood,  1926) 

This  was  the  most  common  East  African  suid  species  during 
the  interval  3-3.5  Ma.  Diagnosis,  description,  and  compar- 
ative measurements  for  specimens  from  various  East  African 
localities  appear  in  Harris  and  White  (1979)  and  a detailed 


description  of  Koobi  Fora  material  in  Harris  (1983:222- 
228). 

A total  of  6 1 specimens  of  N.  euilus  have  been  recovered 
from  six  West  Turkana  sites,  three  in  the  upper  Kataboi 
Member,  two  in  the  lower  Lomekwi  Member,  and  one  in 
the  middle  Lomekwi  Member.  The  most  complete  specimen 
is  a partial  cranium  (WT  1 6647)  from  L04  but  the  zygomatic 
arches  are  incomplete  and  it  is  not  evident  whether  these 
originally  bore  the  knob-like  protuberances  that  characterize 
male  specimens  of  this  species.  A second,  originally  more 
complete  skull  from  the  same  locality  was  observed  in  1981 
but  had  been  broken  up  into  small  pieces,  presumably  by 
local  people  or  their  domestic  animals,  before  collecting  be- 
gan in  1984.  Most  of  the  remaining  specimens  comprise  jaw 
fragments  and  isolated  (partial)  teeth  that  are  comparable  in 
size  and  morphology  to  material  from  other  sites  of  similar 
age. 

Notochoerus  scotti  (Leakey,  1943) 

Originally  identified  on  the  basis  of  specimens  from  the  Omo 
Shungura  Formation,  this  species  is  the  common  notochoere 
in  the  Lake  Turkana  Basin  during  the  interval  2-3  Ma.  A 
synonymy,  diagnosis,  and  comprehensive  description  of  ma- 
terial from  known  localities  is  provided  in  Harris  and  White 
(1979)  and  a detailed  description  of  Koobi  Fora  specimens 
in  Harris  (1983:228-233). 

Notochoerus  scotti  is  the  common  suid  in  the  upper  part 
of  the  Lomekwi  Member  (24  specimens),  and  persists  to  the 
Kalochoro  ( 1 1 specimens)  and  Kaitio  members  (two  speci- 
mens). Five  specimens  have  been  recovered  from  L09  in  the 
upper  part  of  the  lower  Lomekwi  Member,  and  single  spec- 
imens are  known  also  from  somewhat  older  horizons  in  LO10 
and  L05  where  they  co-occur  with  the  more  common  TV. 
euilus.  Three  specimens  from  the  upper  part  of  the  Lomekwi 
Member,  WT  16253  (LM3  fragment  from  L02),  16278  (LM3 
fragment  from  LOl),  and  16259  (left  mandible  fragments 
with  P4-M3  from  KU2),  seem  definitely  to  be  TV.  scotti  rather 
than  TV.  euilus  but  appear  smaller  and  appreciably  more  gra- 
cile  than  other  representatives  of  the  more  progressive  species. 

Metridiochoerus  Hopwood,  1926 

This  genus,  from  which  the  extant  warthog  is  descended, 
made  its  initial  appearance  in  Africa  about  3 Ma.  Four  species 
of  Metridiochoerus  are  present  in  the  West  T urkana  sequence. 
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Metridiochoerus  andrewsi  occurs  in  the  lower  and  middle 
part  of  the  sequence,  M.  compactus  in  the  upper  part,  and 
M.  rnodestus  and  M.  hopwoodi  in  the  middle  and  upper  por- 
tions. The  genus  is  common  only  in  the  upper  part  of  the 
succession. 

Metridiochoerus  andrewsi  Hopwood,  1926 

This  is  the  common  metridiochoere  species  at  East  African 
localities  dated  between  3 and  1.5  Ma  and  provided  the  stock 
from  which  the  other  recognized  species  derived.  The  crania 
are  strongly  sexually  dimorphic  with  male  specimens  being 
larger  and  possessing  large  and  protuberant  zygomatic  knobs. 
Representatives  of  the  species  exhibit  a progressive  increase 
in  size,  and  in  height  and  complexity  of  the  third  molar, 
through  time.  For  synonymy,  diagnosis,  description,  and 
measurements  of  specimens  from  various  African  localities 
see  Harris  and  White  (1979). 

Twenty  specimens  assigned  to  Metridiochoerus  andrewsi 
have  been  recovered  from  14  localities  in  the  Lomekwi,  Lo- 
kalalei,  Kalochoro,  and  Kaitio  members,  the  species  thus 
having  a comparable  temporal  distribution  to  specimens  of 
this  species  from  Omo  and  Koobi  Fora.  Most  of  the  speci- 
mens comprise  isolated  teeth,  the  third  molars  displaying  an 
increase  in  size  and  height  upwards  through  the  succession. 
Two  crania  have  been  collected.  WT  16595  from  KU 1 is  not 
fully  mature;  the  upper  second  molars  are  in  wear  but  the 
third  molars  are  still  erupting.  Its  right  zygomatic  arch  is 
sufficiently  well  preserved  to  retain  the  zygomatic  knob  typ- 
ical of  males  of  the  species.  Perhaps  because  of  its  relative 
immaturity,  but  probably  because  of  its  greater  geologic  age, 
the  KU2  cranium  does  not  show  the  great  lateral  expansion 
of  the  palate  in  the  vicinity  of  the  canine  alveoli  that  is  a 
distinctive  feature  of  cranium  WT  14743  from  KL3.  The 
KU2  skull  has  suffered  some  dorso ventral  compression  but 
was  originally  proportionately  less  elongate  and  less  elevated 
in  the  cranial  vault  than  the  later  specimen.  The  cranial  vault 
between  the  orbits  is  concave  in  the  earlier  skull  but  flatter 
and  broader  in  the  later. 

Metridiochoerus  hopwoodi  (Leakey,  1958) 

Representatives  of  this  species  are  of  similar  size  to  the  more 
progressive  examples  of  M.  andrewsi  but  are  distinguished 
by  their  narrower  molars  and  by  the  symmetry  of  the  molar 
crown  elements  (particularly  in  the  lower  molars).  For  syn- 
onymy, diagnosis,  description,  and  measurements  of  speci- 
mens from  various  East  African  localities  see  Harris  and 
White  (1979). 

The  West  Turkana  sample  of  Metridiochoerus  hopwoodi 
consists  of  four  isolated  lower  third  molars  from  the  Kaitio 
Member  and  an  upper  canine  from  the  Nariokotome  Mem- 
ber. The  four  third  molars  attributed  to  this  species  are  larger 
and  proportionately  longer  and  narrower  than  specimens  as- 
signed to  M.  andrewsi,  and  have  pillars  that  are  arranged 
symmetrically  throughout  the  length  of  the  tooth.  The  left 
upper  canine,  WT  17052  from  NC2,  is  not  that  of  M.  com- 


pactus, is  too  large  to  belong  to  M.  rnodestus,  and  was  col- 
lected from  a horizon  that  postdates  the  last  known  occur- 
rence of  M.  andrewsi. 

Metridiochoerus  rnodestus 
(Van  Hoepen  & Van  Hoepen,  1932) 

The  teeth  of  this  species  are  as  small  as,  or  smaller  than,  the 
earliest  representatives  of  M.  andrewsi  but  have  not  been 
recorded  from  horizons  predating  Shungura  Member  G.  The 
teeth  retain  a typical  metridiochoere  crown  morphology  al- 
though it  seems  likely  that  this  species,  or  one  very  similar 
to  it,  gave  rise  to  the  earliest  representatives  of  the  genus 
Phacochoerus.  For  synonymy,  diagnosis,  description,  and 
measurements  of  specimens  from  various  East  African  lo- 
calities see  Harris  and  White  (1979). 

As  elsewhere,  this  small  species  is  rare  at  West  Turkana 
and  specimens  are  restricted  to  horizons  younger  than  2 Ma. 
The  six  specimens  from  West  Turkana  are  from  NY2  and 
NY3  in  the  Kaitio  Member  and  NCI  in  the  Nariokotome 
Member. 

Metridiochoerus  compactus 
(Van  Hoepen  & Van  Hoepen,  1932) 

This  is  the  largest  and  most  derived  species  of  the  genus.  It 
makes  its  initial  appearance  about  1 .6  Ma  and  persists  there- 
after as  one  of  the  two  common  suids  of  the  early  and  middle 
Pleistocene  of  Africa.  Its  third  molars  are  extremely  hypso- 
dont  and  the  canines  are  very  distinctive.  The  very  large 
upper  canine,  which  has  a core  of  cellular  osteodentine,  ex- 
tends laterally  from  its  alveolus  while  the  massive  lower 
canine  rises  forward  and  upward.  For  synonymy,  diagnosis, 
description,  and  measurements  of  representatives  from  var- 
ious African  localities  see  Harris  and  White  (1979). 

Metridiochoerus  compactus  is  the  commonest  suid  in  the 
upper  portion  of  the  West  Turkana  sequence.  Thirty-four 
specimens  have  been  recovered  from  two  sites  in  the  Kaitio 
Member,  five  sites  in  the  Natoo  Member,  and  two  sites  in 
the  Nariokotome  Member.  The  one  partial  cranium,  WT 
16168  from  KL1,  has  canine  alveoli  that  illustrate  the  char- 
acteristic lateral  alignment  of  the  upper  tusks  and  one  lower 
tusk  has  been  recovered  from  NY2.  Most  of  the  material 
comprises  isolated  teeth  or  tooth  fragments  that  display  the 
characteristic  crown  pattern  and  distinctive  hypsodonty  of 
this  species. 

Kolpochoerus 

Van  Hoepen  & Van  Hoepen,  1932 

Although  the  name  Mesochoerus  was  formerly  in  widespread 
use,  Kolpochoerus  is  the  correct  generic  name  for  this  suid 
genus  that,  together  with  Metridiochoerus,  migrated  into  Af- 
rica during  the  late  Pliocene  and  thereafter  became  a prom- 
inent constituent  of  African  early  and  middle  Pleistocene 
assemblages.  In  their  revision  of  the  Plio-Pleistocene  African 
Suidae,  Harris  and  White  (1979)  recognized  only  two  kol- 
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pochoere  species— K.  limnetes,  the  common  form  that  pre- 
sumably also  provided  the  ancestral  stock  for  the  extant  giant 
forest  hog  (Hylochoerus),  and  the  bush  pig-like  K.  majus. 
Although  isolated  teeth  of  what  other  authors  recognize  as 
K.  afarensis,  K.  limnetes,  K.  olduvaiensis,  and  K.  paiciae  could 
be  construed  as  part  of  a single  evolving  lineage,  it  is  probable 
that  Harris  and  White’s  (1979)  interpretation  represents  an 
oversimplification  of  the  phylogeny.  However,  in  the  absence 
of  adequately  complete  cranial  material,  we  have  not  at- 
tempted to  subdivide  the  “ Kolpochoerus  limnetes ” material 
from  West  Turkana. 

Kolpochoerus  limnetes  (Hopwood,  1926) 

Kolpochoeres  are  represented  throughout  all  but  the  very 
lowest  part  (Lonyumun  Member)  of  the  West  Turkana  se- 
quence but  are  usually  less  abundant  than  Notochoerus  spec- 
imens in  the  lower  and  middle  part  of  the  sequence  and  than 
M.  compactus  in  the  upper  portion.  The  West  Turkana  sam- 
ple comprises  a total  of  51  specimens  from  18  sites,  the 
greatest  quantity  of  specimens  coming  from  the  upper  Lo- 
mekwi, Kalochoro,  and  Natoo  members.  The  third  molars 
show  a progressive  increase  in  size,  length,  and  complexity 
through  the  succession  but  it  is  probable  that  those  specimens 
from  the  Kaitio  and  superjacent  members  represent  the  de- 
rived East  African  species  K.  olduvaiensis. 

Kolpochoerus  majus  (Hopwood,  1934) 

Although  this  species  was  formerly  referred  to  the  bush  pig 
genus  Potamochoerus,  Harris  and  White  (1979)  drew  atten- 
tion to  its  greater  similarity  to  Kolpochoerus  representatives. 
The  small  K.  majus  has  hitherto  been  known  only  from  lo- 
calities with  strata  of  early  and  middle  Pleistocene  age  when 
the  contrast  in  size  between  representatives  of  this  species 
and  those  of  K.  “ limnetes ” was  readily  apparent.  A left  lower 
third  molar  from  KU2  in  the  upper  Lomekwi  Member  is 
here  identified  as  K.  majus  and,  if  this  interpretation  is  cor- 
rect, represents  the  earliest  known  specimen  of  this  taxon. 
The  tooth  from  KU2  is  appreciably  smaller  than  other  Kol- 
pochoerus specimens  from  this  locality  but  is  larger  than  bush 
pig  third  molars  from  earlier  in  the  succession. 

Kolpochoerus  majus  is  known  from  two  other  specimens, 
an  adult  mandible  (WT  14533)  and  a juvenile  mandible  (WT 
14957),  both  from  NC2  in  the  Nariokotome  Member.  The 
mandibles  show  typical  kolpochoere  inflation  of  the  ramus 
lateral  to  M,_2  and  have  their  greatest  constriction  between 
the  canine  and  the  anterior  premolar. 

Nyanzachoerus  Leakey,  1958 

This  genus,  with  large  premolars  and  simple  brachyodont 
molars,  was  present  in  East  Africa  during  all  but  the  latest 
portion  of  the  Pliocene.  Of  the  three  recognized  species,  the 
small  N.  tulotus  seems  restricted  to  the  early  part  of  the 
Pliocene  while  the  larger  N.  kanamensis  was  present  for  much 
of  the  remainder  of  the  epoch,  perhaps  giving  rise  to  the 
short-lived  N.jaegeri  which  in  turn  might  have  been  ancestral 


to  Notochoerus  euilus.  Only  one  species,  N.  kanamensis,  is 
here  recognized  from  the  succession  west  of  Lake  Turkana. 

Nyanzachoerus  kanamensis  Leakey,  1958 

This  species  is  known  from  a handful  of  specimens  from  the 
Kataboi  and  lower  Lomekwi  members.  There  is  some  vari- 
ation in  tooth  size  but  most  of  the  specimens  are  incomplete 
and  the  sample  is  insufficient  to  gauge  if  more  than  one 
species  is  represented. 

Potamochoerus  Gray,  1854 
Potamochoerus  sp. 

Small,  simple  bunodont  teeth  similar  to  those  of  the  extant 
bush  pig  have  been  recovered  from  a number  of  Pliocene 
and  Pleistocene  localities  in  eastern  Africa.  Many  of  these 
were  attributed  to  the  extant  bush  pig  species  ( P . porcus)  by 
Harris  and  White  (1979)  but  Cooke  (1978)  identified  those 
from  Hadar  as  an  early,  primitive  species  of  Kolpochoerus 
(K.  afarensis ),  in  part  because  of  the  kolpochoere-like  align- 
ment of  the  zygomatic  arches  of  a male  cranium  from  that 
site. 

Three  specimens  of  small  potamochoere  teeth  have  been 
retrieved  from  L04  in  the  lower  part  of  the  Lomekwi  Mem- 
ber and  one  specimen  has  been  collected  from  LK4  in  the 
Kaitio  Member.  The  modem  bush  pig  is  known  from  the 
Galana  Boi  sediments  cropping  out  at  NK4. 

Suidae  genus  and  species  indeterminate 

There  are  a dozen  or  so  specimens,  mainly  deciduous  den- 
titions or  tusks,  that  cannot  presently  be  assigned  with  cer- 
tainty to  genus  or  species. 

Family  Hippopotamidae 

Hippos  are  frequently  among  the  most  common  fossils  at 
Plio-Pleistocene  localities  in  eastern  Africa  but  are  often  dis- 
regarded by  collecting  parties,  in  part  because  of  their  large 
size  (with  ensuing  difficulties  of  transportation  and  storage) 
and  in  part  because  of  long-standing  problems  of  diagnosis 
and  identification  of  representatives  of  this  family.  Existing 
diagnoses  rely  heavily  on  arrangements  of  elements  (partic- 
ularly the  lacrimal  bone)  of  the  facial  region  of  the  cranium 
and  on  the  number  and  arrangement  of  incisors  on  the  pre- 
maxilla and  mandibular  symphysis,  whereas  it  is  the  upper 
and  lower  cheek  teeth  that  are  most  commonly  encountered 
in  the  field.  Nevertheless,  a relatively  straightforward  record 
seems  to  be  emerging  from  the  West  Turkana  sequence.  Low 
in  the  succession  there  is  a large  and  hypsodont  form  which 
appears  to  be  closely  related  to  Hippopotamus  kaisensis.  This 
is  replaced  by  a smaller  and  more  brachyodont  form— Hex- 
aprotodon  protamphibius  which  persists  to  the  Kalochoro 
Member.  Higher  in  the  sequence  are  found  representatives 
of  Hexaprotodon  karumensis.  Hippopotamus  gorgops,  and 
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Notochoerus  euilus  (Hopwood,  1926) 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16647 

partial  cranium  (LM1-3. 

, RM2-3) 

L04 

16494 

md  frags  (LP,-M3, 

RM2_3) 

L04 

16361 

L md  frag  (M,) 

L05 

16440 

LM3  frag 

L04 

16370 

R md  frag  (M3) 

L05 

16432 

L md  frag  (M3) 

L04 

16357 

L md  frag  (M,) 

L05 

16445 

R md  frag  (M2) 

L04 

16364 

LM,  frag 

L05 

16441 

M3  frag 

L04 

16367 

L md  frag  (M2^3),  RM3 

frag 

L05 

16491 

LM3 

L04 

16359 

?R  M,  frag 

L05 

16448 

LP4,  LM3  frag 

L04 

16356 

RM,  frag 

L05 

16431 

R & L M3  frags 

L04 

16284 

RM,  frags 

L05 

16439 

L & R M3  frags 

L04 

16283 

L md  frag  (M3) 

L05 

16489 

L md  frag  (M3) 

L04 

16369 

RM, 

L05 

14532 

LM3 

LK1 

16362 

RM,  frag 

L05 

16493 

R max  frag  (M3) 

L04 

16360 

L md  frag  (P4-M,) 

L05 

16449 

RM3,  LM3  frag 

L04 

16368 

LM3 

L05 

16492 

LM3  frag 

L04 

16366 

LM3  frag 

L05 

14530 

M,  frag 

LK1 

16286 

R max  frag  (P4-M') 

L05 

16434 

RM,  frags 

L05 

16285 

LM3  frag 

L05 

16446 

M frags 

L04 

16365 

R max  frag  (M3) 

L05 

16436 

M3  frags 

L04 

16355 

LM3  frag 

L05 

16435 

M frags 

L04 

16358 

LM3  frag 

L05 

16442 

RM,  frags 

L04 

14519 

L md  frag  (P,-M,) 

LK1 

16438 

RM2  frag 

LOT 

14527 

R C frag 

LK1 

16194 

M frags 

NS1 

14529 

C frags 

LK1 

16443 

M frag 

L04 

14526 

LP2_3 

LK1 

16437 

L M2  frags 

L04 

16444 

RM,  frag 

L04 

16190 

LM, 

LO10 

16428 

LM,  frag 

L04 

16191 

LM, 

LO10 

16490 

RM,,  LM,  frag 

L04 

16192 

LPJ 

LO10 

16450 

R md  frag  (M,) 

L04 

16199 

LP4,  LM',  RM1 

LO6 

16487 

R md  frag  (Mu3) 

L04 

16429 

RM2 

L04 

16488 

R md  frag  (M,) 

L04 

16447 

L md  frag  (M ,_2) 

L04 

16430 

RM,  frag 

L04 

Notochoerus  euilus  dental  measurements 

16192  16199  16429 

14532 

16449 

16448  16441 

16268 

16368 

16647 

PJ  ap 

13.3  13.9 

14.8 

14.0 

tr 

14.4  15.2 

16.8 

15.1 

M1  ap 

27.2 

tr 

21.4 

M2  ap 

28.9 

M2  ap 

28.5 

tr 

22.5 

tr 

25.6 

M3  ap 

71.7 

83.4 

— 

M3  ap 

65.9 

80.2 

tr 

30.7  + 

28.6  + 

39.1 

tr 

26.2 

36.8 

14526  14519 

16191 

16437 

16445 

16494  16490 

16488 

P2  ap 

18.0 

tr 

10.1 

P,  ap 

20.0  20.5 

tr 

12.3  13.7 

P4  ap 

18.5 

tr 

15.5 

M,  ap 

21.8 

31.2 

tr 

15.2 

20.6 

M2  ap 

33.1 

— 

29.7 

tr 

22.5 

23.9 

19.9 

M,  ap 

84.5 

85.1 

80.5 

— 

tr 

31.7 

25.0 

26.6 

24.6 
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Notochoerus  euilus  dental  measurements  (continued) 


16487 

16450 

16491 

16360 

16369 

16356 

16361 

16370 

16367 

14689 

16447 

M,  ap 

22.1 

22.0 

tr 

14.4 

14.0 

M,  ap 

28.5 

- 

tr 

20.3  + 

15.9 

M.,  ap 

— 

72.6 

75.2 

71.6 

— 

72.5* 

82.3 

— 

— 

tr 

25.6 

24.7  + 

— 

26.5 

25.2 

— 

25.1 

25.4 

30.9 

Notochoerus  scotti  ( Leakey,  1943) 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16257 

RM,  frags 

KU2 

16210 

RM,  frag 

KU3 

16260 

LM3  frag 

KU2 

16202 

LM,  frag 

KU1 

16256 

juv  md  frags  with  R & L M,  & RM2 

KU2 

16258 

R & L M3  frags 

KU1 

16363 

RM’ 

LOS 

16187 

R md  frags  (M2_3) 

KU1 

16203 

RM2 

LG  9 

16198 

RM,  frag 

LAI 

16204 

L md  frag  (M3) 

L09 

16188 

R max  frag  (M3) 

KUI 

16201 

LM3  frag 

LO10 

16195 

RM2.  RM3  frags 

KU1 

16209 

LM3  frag 

L09 

16189 

RM2  frag 

KUI 

16206 

RM2  frag 

L09 

16255 

RM3  frag 

KU2 

16207 

RM,  frag 

L09 

16200 

RM,  frags 

LAI 

16211 

M3  frags 

LOl 

16197 

LM3  frag 

LAI 

16214 

RMj  frag 

L03 

14871 

R & L md  frags  (M3) 

KK 

16212 

RM  3 frag 

LOl 

16259 

L md  frags  (P4-M3) 

KU2 

16213 

RM,  frag 

LOl 

14872 

LM3 

KG 

16193 

L md  frag  (M,.,) 

L03 

14877 

RM,  frag 

KG 

16254 

RM,  frag 

L03 

14875 

LM3  frag 

KG1 

16251 

LM3  frag 

LOl 

14876 

RP+  RM'  frags 

KG 

16253 

LM3  frag 

L02 

14873 

P4,  M , frags 

KG1 

16278 

LM3  frag 

LOl 

14874 

RM1,  M2  frag 

KG1 

16186 

R md  frag  (M,) 

KU2 

17517 

L md  frag  (M3) 

KS1 

16196 

L md  frags  (M3) 

L03 

17518 

M3  frag 

KS1 

16208 

LM3 

KU2 

Notochoerus  scotti  dental  measurements 

16259 

14871 

16193 

16256 

P4  ap 

14.7 

tr 

11.7 

M,  ap 

- 

21.9  + 

tr 

12.1 

14.3  + 

M2  ap 

23.4 

27.0 

30.8 

tr 

16.2 

21.3 

17.5 

M3  ap 

76.5  + 

80.5 

95.0 

tr 

- 

26.4 

22.8  + 

16203 

16363 

16208 

16195 

14872 

14876 

14874 

P4  ap 

15.0 

tr 

14.1 

M1  ap 

18.4  + 

23.5 

tr 

24.3 

20.7  + 

M2  ap 

34.0 

tr 

24.3 

M3  ap 

95.0 

93.4 

— 

99.7 

104.3  + 

tr 

36.3 

32.4 

28.7 

29.2 
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Suid  specimen  lists  and  measurements  (continued). 


Metridiochoerus  andrewsi  Hopwood,  1926 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16282 

R md  frag  (P4-M3) 

L04 

14743 

cranium  (LM3,  RP4-M3) 

KL3 

16281 

RM,  frag 

L04 

14652 

md  (R  & L M,  3) 

KL3 

16205 

M,  frag 

L09 

14541 

cranial  frags  (L  & R M3) 

KL6 

16595 

cranium  with  R & L P3-M3 

KU1 

17450 

R md  frag  (P4-M3) 

NY4 

16276 

md  frags  (RM,,  LM,) 

KU2 

17452 

LM3  frags 

NY3 

16279 

LM,  frag 

L08 

17485 

LC 

NY2 

16273 

LP3/4 

L03 

17496 

LM,  frag 

NY2 

14646 

LM,  frag 

KK 

17525 

LM3 

KS1 

16280 

LM  , frag 

LAI 

17527 

RC 

KS1 

16275 

LM,  frags 

LAI 

17529 

RC 

KS1 

Metridiochoerus  andrewsi  cranial  measurements 

16595  (M) 

14743  (M?) 

14541  (F?) 

Max  preserved  length  skull 

385  + 

590  + 

Width  palate  at  canines 

138(e) 

207 

Width  palate  between  M3 

40 

56 

Width  cranium  at  M3 

79 

106 

Bizygomatic  breadth  (posterior) 

175 

Bizygomatic  breadth  (anterior) 

204 

Width  at  post  orbits 

127 

183 

Width  occipital  condyles 

63 

- 

81 

Ht  occiput  above  for  magnum 

97 

165 

145 

Width  nuchal  crest 

106(e) 

155 

154 

Metridiochoerus  andrewsi  dental 

measurements 

16596 

14743 

14541 

16282 

16281 

16276 

16273 

14646 

14652 

17450 

P3  ap 

10.9 

ap 

15.4 

tr 

10.5 

tr 

9.6 

PJ  ap 

12.7 

14.0 

P4  ap 

12.3 

13.5 

tr 

13.6 

15.9 

tr 

9.9  + 

10.7 

M1  ap 

19.2 

19.2 

M,  ap 

16.1 

18.0* 

18.2 

tr 

18.4 

18.4 

tr 

13.7 

— 

— 

M:  ap 

23.0 

19.1 

22.9 

M,  ap 

19.4 

23.7 

26.1 

27.2 

tr 

23.7 

21.0 

22.8 

tr 

18.2 

— 

19.3 

19.6 

M3  ap 

44.6 

56.7 

63.5 

M, 

42.8 

— 

52.3 

— 

61.7 

58.0 

tr 

— 

23.4 

25.7 

20.8 

21.3 

19.4 

19.3 

21.7 

18.44 

Metridiochoerus  hopwoodi  (Leakey,  1958) 

Material  referred 


KNM-WT 

Specimen 

Site 

16465 

LM, 

KL3 

14638 

RM, 

KL4 

14649 

RM,  frag 

LK4 

14635 

RM, 

LK4 

17502 

LC 

NC2 

Metridiochoerus  hopwoodi  dental  measurements 


14635 

14638 

M3  ap 

68.0  + 

67.4  + 

tr 

17.2 

20.6 

ht 

51.6 

47.5 
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Suid  specimen  lists  and  measurements  (continued). 


Metriodiochoerus  modestus  (Van  Hoepen  & Van  Hoepen,  1932) 


Material  referred 


KNM-WT 

Specimen 

Site 

14640 

R max  frag  (M3) 

NCI 

14641 

RM3 

NCI 

14639 

L md  frag  (M3) 

NCI 

17446 

R max  frag  (M3) 

NY3 

17429 

L md  (dP2-M,) 

NY2 

17433 

L md  (M3)  & R md  (M,_3) 

NY3 

Metndiochoerus  modestus  dental  measurements 


17429 

17433 

14639 

dP,  ap 

10.3 

tr 

5.2 

dP4  ap 

23.3 

tr 

11.8* 

M,  ap 

24.9 

tr 

— 

M,  ap 

18.4 

tr 

12.7 

M,  ap 

47.8 

50.9 

tr 

13.7 

12.1 

ht 

49.4 

14640  14641  17446 


ap 

34.8  + 

41.8 

40.7 

tr 

15.7 

12.4 

1 17.7 

ht 

36.5 

Metndiochoerus  compactus  (Van  Hoepen  & Van  Hoepen,  1932) 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

14914 

RM, 

LK3 

14903 

RM,  frag 

14918 

M3  frag 

LK3 

14911 

RM, 

14896 

M3  frag 

LK3 

16071 

L md  frag  (M,) 

14904 

M,  frags 

KLI 

16070 

R & L md  frags  (M,) 

14902 

LM,  frag 

LK3 

14912 

L max  frag  (M2) 

14910 

M3  frags 

KL2 

16053 

LM3 

14897 

LM,  frag 

KL2 

16049 

RM2 

14637 

LM1 

KL6 

16065 

C frags 

14916 

LM,  frag 

NK2 

16168 

partial  cranium  (LPJ-M\  RM'-3) 

14647 

R md  frag  (M,) 

NY 

14905 

L md  frag  (M,) 

14909 

RdP4 

NC2 

14907 

RM,  frag 

14648 

L md  frag  (M,_2) 

KL6 

14906 

LM,  frag 

14913 

RM,  frag 

KL5 

14915 

R md  frag  (M3) 

14908 

LM, 

KLI 

17448 

M3  frag 

14901 

LM,  frag 

KLI 

17487 

LC 

14899 

L max  frag  (dP4) 

KLI 

17507 

R md  frag  (M,) 

14898 

RM,  frag 

KLI 

17509 

LM3  frag 

Metndiochoerus  compactus  dental  measurements 


16168 

16053 

16049 

14912 

14637 

17059 

14889 

dP4 

ap 

19.5 

tr 

14.7 

P4 

ap 

8.7 

tr 

10.0 

M1 

ap 

19.1 

24.9 

tr 

18.0 

22.8 

M2 

ap 

33.9 

— 

38.0 

tr 

19.2 

25.8 

17.7 

M3 

ap 

70.5 

tr 

24.5 

ht 

75.1 

74.0 

Site 

NCI 

KLI 

KL1 

KLI 

KLI 

KLI 

KLI 

KLI 

KLI 

NCI 

NC2 

NCI 

NCI 

KLI 

NY2 

NCI 

NCI 
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Suid  specimen  lists  and  measurements  (continued). 


Kolpochoerus  limnetes  (Hopwood,  1926)  (continued) 


14909 

14686 

14908 

1491 1 

14914 

14903 

16071 

16070 

14915 

dP4  ap 

25. 7e 

tr 

10.5 

M,  ap 

18.8 

tr 

13.6 

M,  ap 

26.6 

29.0 

19.6 

— 

tr 

17.9 

19.0 

18.3 

17.4 

M,  ap 

— 

84.3 

96.4 

85.5 

tr 

16.8 

20. 2e 

22.1 

_ 

ht  62.1  + 


Kolpochoerus  limnetes  (Hopwood,  1926) 


Material 

referred 

KNM-WT  Specimen 

Site 

Material 

referred 

KNM-WT  Specimen 

Site 

16020 

LM3 

L08 

14964 

L max  frag  (P'-M2) 

NC2 

16016 

LM  md  frag  (M,_J  & R md  frag  (M3) 

L08 

14968 

L max  frag  (M2) 

NY 

14959 

LC 

KK 

14956 

R & L max  frags  (M2-3)  & md  frag  (M,_3) 

LK4 

16170 

md  symphysis  (roots  I’s  & CC’s,  LP,) 

KU1 

14960 

L md  frag  (P,-M3)  & R md  frag  (P,-M  ,) 

KL6 

16217 

md  frags  (Ps,  C’s,  RP,^,,  LP4-M1;  L & R M,) 

KU1 

14958 

L md  frag  (edent) 

NCI 

16021 

LM3  talonid 

LOl 

14967 

LM,  frag 

KL2 

15998 

R max  frag  (dP’-M1) 

LOl 

14961 

M , frag 

NCI 

16024 

C frag  & R & L M,  frags 

LOl 

14962 

L max  frag  (M2) 

NCI 

16252 

RP,  frag 

L02 

17428 

L md  (M,_3) 

KL1 

16023 

R md  frag  (dP,^,) 

KU2 

17455 

L max  frag  (dP'-M1) 

KL1 

15999 

L md  frag  (P,-M,) 

KU2 

17469 

RM,  frag 

-NY  3 

16017 

upper  tooth  frags  (L  & R M2,  LM3) 

KU2 

17473 

L md  frag  (M,) 

NY2 

16015 

upper  tooth  frags  (RdP\  M3  talon) 

KU2 

17475 

L md  frag  (P4-M,) 

NY3 

16026 

lower  tooth  frags  (RP,,  RP4,  RM„  RM,  frag) 

KU2 

17484 

RM3  frag 

NK3 

16019 

RM3 

LAI 

17488 

LM3  frag 

NY2 

16022 

LM3  talon 

LAI 

17492 

M frag 

NY2 

16171 

RM,  frag 

LAI 

17514 

cranium 

NY3 

14963 

RM, 

KL4 

17516 

LM3 

KS1 

1 4966 

R & L md  frags  (LM,) 

KK 

17523 

R md  frags  (P4-M,,  M3) 

KS1 

14965 

L md  frag  (M3) 

KL3 

17532 

juv  md  frags  (dP4) 

KS1 

16067 

L md  frag  (M,_3) 

KL1 

17533 

md  frags 

KS1 

16066 

R & L max  frags  (M3) 

KL1 

17534 

cranial  frags 

KS1 

16055 

molar  frags 

KL1 

17542 

cranium 

NY2 

16080 

R md  frag  (M3) 

KL1 

17544 

R max  frags  (M1-2) 

KS1 

16072 

L md  frags  (M,_3) 

KL1 

16215 

LM3 

L05 

16073 

md  symphysis 

KL1 

Kolpochoerus  limnetes  dental 

measurements 

17455 

15998 

16017 

17534 

16015 

16066 

14968 

14962 

dP3  ap 

15.2 

18.3 

14.9 

tr 

12.9 

12.8 

10.3 

dP4  ap 

17.3 

20.0 

tr 

15.8 

19.9 

M1  ap 

21.7 

24.0 

tr 

18.0 

22.7 

M2  ap 

23.7 

25.2 

29.9 

tr 

21.4 

22.5 

22.8 

M3  ap 

49.2 

50.3 

68.7 

tr 

24.1 

22.7 

27.0 
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Suid  specimen  lists  and  measurements  (continued). 


Kolpochoerus  limnetes  dental  measurements  (continued) 


14956 

14964 

17516 

16020 

16215 

P3 

ap 

14.7 

tr 

12.6 

PJ 

ap 

16.3 

tr 

17.8 

M' 

ap 

21.9 

tr 

21.3 

M2 

ap 

23.9 

31.3 

tr 

22.5 

26.3 

M3 

ap 

58.1 

61.1 

46.8 

44.8 

tr 

25.8 

29.1 

23.8 

22.8 

16170 

16016 

16252 

16217 

16026 

16019 

15999 

14966 

P2 

ap 

12.1 

tr 

6.2 

P3 

ap 

13.8 

16.8 

tr 

8.0 

8.8  + 

P. 

ap 

- 

17.7 

19.8 

16.4 

tr 

12.8 

13.9 

— 

13.0 

M, 

ap 

18.4 

18.4 

tr 

12.5 

15.4 

M, 

ap 

23.5 

22.7 

tr 

18.7 

16.4 

M, 

ap 

54.0 

50.6 

48.7  + 

50.1 

46.9 

54.2 

tr 

21.6 

22.7 

20.6 

21.0 

19.1 

22.6 

14963 

14960 

14956 

16067 

16080 

16072 

17428 

17473 

17475 

17533 

P4  ap 

16.2 

15.3 

tr 

13.5 

13.6 

M ap 

17.6 

17.3 

tr 

13.8 

16.3 

23.9 

M,  ap 

35.1 

24.5 

24.5 

25.1 

30.1 

23.8 

27.9 

19.1 

tr 

22.7 

18.4 

— 

— 

22.0 

19.6 

17.8 

M,  ap 

60.2 

53  + 

72.7 

74.5 

73.3 

67.4 

65.1 

tr 

22.3 

22.3 

24.4 

26.2 

25.8 

23.7 

26.9 

Kolpochoerus  majus  (Hopwood,  1934) 

Material  referred 

KNM-WT  Specimen  Site 

14533  R md  frag  (P4-M,)  & L md  frag  (P,-M,)  NCI 

14957  juv  md  (RI, -C,  dP4-M,;  LI, -C,  dP2-M,)  NCI 

16018  LM,  KU2 


Kolpochoerus  majus  dental  measurements 


dP3 

ap 

tr 

dP4 

ap 

tr 

P2 

ap 

tr 

P3 

ap 

tr 

P< 

ap 

tr 

M, 

ap 

tr 

M, 

ap 

tr 

M, 

ap 

tr 

14957 

13.5 

7.2 

23.9 

12.2 


22.8 
14.2 
26.0 
14.0  + 


14533 


9.6 

5.8 

15.2 
I 1.0 

18.2 

13.8 
19.1 

16.9 
25.0 

20.7 
47.3 

25.8 


16018 


38.2 

20.8 
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Suit!  specimen  lists  and  measurements  (continued). 


Nyanzachoerus  Leakey,  1958 
Nyanzachoerus  kanamensis  Leakey,  1958 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

16216 

molar  & premolar  enamel  frags 

L05 

16268 

L max  frag  (M2~3) 

16266 

RM3  frags 

L06 

16270 

LP3,  LM3,  RP3,  RM3  frag 

16433 

R max  frag  (M') 

L04 

16025 

RM,  frag 

14528 

LM, 

LK2 

Nyanzachoerus  kanamensis  dental  measurements 

16268 

16433  14528 

16270 

M 1 ap 

22.3 

tr 

16.5 

M3  ap 

55.3 

tr 

33.8 

P,  ap 

20.2 

tr 

17.4 

M,  ap 

30.5 

tr 

20.0 

M,  ap 

53.2 

tr 

22.1 

Potamochoerus  sp(p). 

Material  referred 


KNM-WT 

Specimen 

Site 

16221 

RM2 

L04 

16264 

RM, 

L04 

16263 

LM2  frag,  LM3,  LM,,  LM, 

L04 

14562 

L max  frag  (dP3-M') 

LK4 

15002 

L md  (M,. 

3) 

NK4 

Potamochoerus  sp. 

dental  measurements 

14562  16261 

16263  16264 

15002 

dP3  ap 

17.2 

tr 

12.4 

dPJ  ap 

16.7 

tr 

13.0  + 

M1  ap 

17.0 

tr 

15.2 

M2  ap 

22.0 

tr 

20.5  16.1  + 

M3  ap 

29.5  + 

tr 

— 

M,  ap 

21.7 

21.1 

tr 

16.2 

18.1 

M,  ap 

36.4 

32.6 

35.8 

tr 

19.6 

16.3 

19.0 

Suidae  gen.  & sp.  indet. 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

14531 

R max  frag  (dP3^4) 

LK2 

17540 

RC  frag 

16262 

L max  frag  (dP4) 

L04 

16274 

C tip 

16265 

L max  frag  (dP4) 

L04 

14644 

C frags 

16269 

LdP4  frag 

LO10 

14636 

C 

14900 

RM, 

KL1 

14651 

C (Met.  hopwoodil) 

16023 

R md  frag  (dP,^,) 

KU2 

14653 

C 

14642 

L md  frag  (dP,^,) 

KL3 

14643 

C 

Site 

NS1 

L04 

L05 


Site 

KS1 

L04 

LK3 

NN 

NCI 

KL3 

KL3 
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Figure  35.  KNM-WT  16588,  Hexaprotodon  protamphibius  era-  Figure  36.  KNM-WT  16588,  Hexaprotodon  protamphibius  cra- 
nium from  upper  Lomekwi  Member  at  LOl;  dorsal  view.  nium;  occlusal  view. 


Hip.  aethiopicus.  In  the  youngest  fossiliferous  part  of  the 
Pleistocene  sequence  (NCI ) the  extant  hippo  Hip.  amphibius 
occurs. 

Hexaprotodon  Falconer  & Cautley,  1836 

Hexaprotodon  protamphibius 
(Arambourg,  1944) 

Figures  35,  36 

This  species  was  originally  recognized  from  the  Omo  Shun- 
gura  Formation  by  Arambourg  ( 1 943),  who  treated  the  Shun- 
gura  material  in  some  detail  in  a subsequent  publication 
(Arambourg,  1947).  As  described  by  Coryndon  (1978),  the 
Shungura  sequence  documents  an  evolutionary  trend  in  this 
species  whereby  the  hexaprotodont  incisors  of  the  early  rep- 
resentatives become  tetraprotodont  higher  in  the  succession. 

Twenty-five  specimens  of  Hex.  protamphibius  have  been 
collected  from  nine  sites  in  the  Lomekwi,  Lokalalei,  and 
Kalochoro  members.  Early  specimens  of  this  taxon  from  the 
Omo  Shungura  Formation  have  hexaprotodont  mandibles 


but  those  West  Turkana  specimens  in  which  symphyses  are 
preserved  are  all  tetraprotodont.  The  teeth  are  smaller  and 
lower  crowned  than  Hippopotamus  teeth  from  the  lower  part 
of  the  West  Turkana  sequence.  The  upper  molars  show  four 
well-developed  trefoils  but  the  lowers  have  the  entocoonid 
reduced  to  an  anteromedially  directed  pillar.  The  posterior 
lobe  of  the  metaconid  and  anterior  lobe  of  the  hypoconid  are 
elongated  to  meet  in  the  midline,  the  diagonal  ridge  thus 
produced  preventing  the  protoconid  from  contacting  the 
entoconid.  The  lower  third  and  fourth  premolars  may  have 
prominent  additional  cusps  medial  to  the  protoconid;  these 
are  not  discernible  on  the  West  Turkana  Hip.  cf.  kaisensis 
premolars  because  of  wear,  but  were  present  in  one  of  two 
specimens  described  from  Kaiso  (Cooke  and  Coryndon,  1970). 
The  canines  are  smaller  and  less  prominently  ribbed  than 
those  of  Hippopotamus  species;  there  is  a prominent  groove 
on  the  medial  surface  but  there  is  not  a (less)  prominent 
groove  on  the  lateral  surface  as  in  Hip.  kaisensis. 

Only  one  relatively  complete  cranium  has  been  re- 
covered—WT  16588  from  LOl  in  the  upper  Lomekwi  Mem- 
ber. The  midline  of  the  cranial  vault  is  almost  horizontal  but 
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I Hippopotami*!  specimen  lists  and  measurements. 


Hexaprotodon  protampluhius  (Arambourg,  1944) 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16382 

LC  frag 

L04 

16419 

juv  L md  frag  (LdC,  dP4-M,) 

L08 

16383 

L dC  frag 

L04 

16375 

LM, 

KU1 

16380 

R max  frag  (dC,  RdP2-M') 

L04 

16374 

LM, 

KU2 

16381 

RdP4 

L04 

16588 

cranium  (LM2-3,  RM1-3),  atlas,  axis 

LOl 

16379 

assoc  teeth  (L  & R DC,  RdP2,  L & RdP4) 

L04 

14745 

L & R max  frags  (M'~3) 

KK 

16377 

RMj 

L05 

14749 

L max  frags  (PJ-M3) 

KK 

16376 

RP1 

LO10 

14752 

L max  frag  (P4) 

KK 

16372 

dl 

L09 

14750 

L & R max  frags  (LP4-M3,  RP3-M') 

KK 

16373 

RP3 

LO10 

14751 

RM3 

KK 

16371 

RdC 

L05 

14747 

assoc  teeth  (I,  C frag,  LP3-M3,  RP4-M,) 

KK 

16378 

LM, 

L08 

14748 

L md  (MU3)  R C 

KK 

16385 

LdC 

LOl 

14746 

L md  (M,_3) 

KK 

16384 

R max  frag  (dP3^) 

LOl 

Hexaprotodon  protamphibius  cranial  measurements 

16588 


Max  length  skull  (premax-occ  condyles)  595 

Max  width  at  premax  214 

Max  width  at  canine  alveoli  310 

Bizygomatic  width  335 

Mastoid  width  227 

Occ  condyle  width  126 

Width  postorbital  processes  257 

Midline  length  nuchal  crest-premax  570 

Length  ant  premax  to  ant  orbit  350 


Hexaprotodon  protamphibius  dental  measurements 


16380 

16384 

16374 

16380 

16376 

P' 

ap 

17.7 

tr 

12.1 

dP2 

ap 

23.3 

25.3 

tr 

15.5 

14.1 

dP3 

ap 

34.8 

30.5 

tr 

22.2 

19.3 

dPJ 

ap 

38.0 

33.7 

33.4 

tr 

29.0 

25.9 

25.2 

M1 

ap 

44.5 

tr 

35.3 

14745 

14749 

14752 

14750 

16373 

16588 

P3 

ap 

28.8 

30.5 

31.2 

tr 

18.8 

21.5 

19.2 

P4 

ap 

— 

27.1 

28.0 

27.0 

tr 

27.2 

28.0 

24.6 

22.5  + 

M1 

ap 

42.6 

42.8 

37.6 

33.6 

tr 

33.4 

37.6 

32.0 

29.6 

M2 

ap 

41.2 

— 

39.9 

tr 

— 

41.5 

41.1 

M2 

ap 

37.3 

49.8 

45.8 

43.6 

tr 

45.6 

43.3 

43.1 

42.3 
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Hippopotamid  specimen  lists  and  measurements  (continued). 

Hexaprotodon  protamphibius  dental  measurements  (continued) 


16381 

16419 

16377 

16378 

16375 

16374 

14747 

14751 

14748 

14746 

dP4 

ap 

40.2  + 

tr 

22.5 

24.6 

P3 

ap 

31.9 

tr 

19.2 

P4 

ap 

32.0 

tr 

21.2 

M, 

ap 

- 

37.9 

— 

tr 

29.3 

22.7 

24.5 

m2 

ap 

49.2 

52.7 

40.3 

tr 

31.3 

30.0 

30.8 

32.7 

m3 

ap 

61.7 

64.9 

69.7 

73.0 

63.8 

tr 

30.5 

34.3 

32.4 

33.1 

30.5 

16371 

14748 

16385 

16419 

16383 

16382 

dC/  ap 

11.2 

tr 

13.1 

ht 

60  + 

C/  ap 

31.2 

tr 

50.1 

/dC  ap 

20.0 

26.7 

tr 

16.1 

16.9 

/C  ap 

38.7 

54.6 

tr 

— 

— 

Hexaprotodon  protamphibius  postcranial  measurements  (WT  16588) 
Atlas  Axis 


Max  width 

252 

Width  atlas  facets 

123  + 

Max  height 

109 

Length  centrum-odontoid 

118 

Width  occ  facets 

134 

Length  spine 

125 

Width  axis  facets 

142 

Max  height 

152 

Hexaprotodon  karumensis  Coryndon,  1977 


Material 

Material 

referred 

referred 

K.NM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14504 

edentulous  mandible 

LK3 

14511 

intermediate  phalanx 

KL1 

14518 

frag  L md  (P,-M3) 

KL6 

14970 

R unciform 

NK1 

14509 

LC  frag 

LK4 

17467 

R astragalus 

NY3 

14505 

R md  frag  (M,) 

LK3 

17478 

L C 

NY2 

14979 

RM, 

KI2 

17490 

C 

NY  2 

14506 

assoc  teeth  (RC,  Plj\  M2-3) 

LK4 

17520 

max  frags  (C,  RdP4-M\  LM13) 

KS1 

14973 

RC  frag 

KL1 

17539 

C frags,  LP,,  LMh  RM, 

KS1 

14969 

RC 

KL3 

17443 

LM,  2 

KS1 

14971 

L astragalus 

KL1 

Contributions  in  Science,  Number  399 


Harris  et  al.:  West  Turkana  Fossil  Sites  71 


Hippopotainid  specimen  lists  and  measurements  (continued). 

Hexaprotodon  karumensis  dental  measurements 


14506 

17520 

14518 

14505 

17539 

P3  ap 

36.8 

3P3  ap 

44.4 

48.6 

tr 

24.4 

25.7 

34.8 

PJ  ap 

25.2 

(d)  46.0 

P4  ap 

43.5 

— 

tr 

28.2 

tr 

31.5 

M1  ap 

53.2 

M,  ap 

48.6 

68.2 

tr 

54.3 

tr 

38.2 

49.7 

M;  ap 

52.0 

55.1 

M2  ap 

60.5 

80.1 

tr 

54.3 

60.6 

tr 

45.4 

53.2 

M3  ap 

56.0 

64.0 

M3  ap 

87.7 

62.7 

tr 

52.4 

63.5 

tr 

45.7 

49.2 

14509 

14506 

14973 

14969 

17490 

17520 

17478 

C/  ap 

23.1 

24.2 

19.2 

33.5 

31.0 

41.5 

/C  ap 

39.9 

tr 

32.4 

33.8 

32.2 

38  + 

25.2 

51.6 

tr 

25.0 

Hexaprotodon  karumensis  postcranial  measurements 

Astragalus 

Int  phalanx 

Unciform 

14971 

17467 

14511 

14970 

lat  It 

— 

105 

It 

52 

max  It 

86 

med  It 

101 

92 

prox 

; ap 

31 

max  tr 

51 

tib  tr 

— 

92 

tr 

48 

max  ht 

33 

n/c  tr 

79 

78 

dist 

ap 

24 

dv 

64 

63 

tr 

44 

Hippopotamus  kaisensis  Hopwood,  1 926 

Hippopotamus  cf.  H.  kaisensis 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14512  RM, 

LK1 

14514  LM, 

LK1 

14513 

RC  frag 

LK1 

14515  associated  lower  teeth  (R  & LC,  RP, 

-M3,  LM3)  LK1 

14510 

intermediate  phalanx 

LK1 

16386  immature  L md  (DI , 

„ C,  dP,-M|) 

L06 

17456 

R max  frags  (dP3-M‘) 

NS1 

Hippopotamus  cf.  H.  kaisensis  dental  measurements 


14512 

14514 

14515 

16306 

dP,  ap 

25.3 

tr 

12.5 

dP4  ap 

44.5 

tr 

25.6 

P3  ap 

35.2 

tr 

21.3 

P„  ap 

37.2 

tr 

27.6 

M,  ap 

40.7 

41.1 

43.6 

tr 

28.0 

— 

30.1 

M,  ap 

59.8 

tr 

35.2 

M3  ap 

- 

73.4 

tr 

51.1 

38.4 

/C  ap 

56.1 

tr 

47.6 

It 

285  + 

/dC  ap 

tr 

dP3  ap 

tr 

dPJ  ap 

tr 

M1  ap 

tr 

16386 


20.0 

16.8 


17456 


31.4 
20.6 

37.5 
31.4 

45.3 

38.3 
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Hippopotamid  specimen  lists  and  measurements  (continued). 

Hippopotamus  cf.  H.  kaisensis  intermediate  phalanx  measurements 

14510 


Length  39 

prox  ap  29 

tr  3 

dist  ap  24 

tr  43 


Hippopotamus  gorgops  Dietrich,  1928 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14516 

L md  frag  (P4-M2)  & L C 

KL6 

17458 

L C frag 

NY3 

14982 

R md  frag  (M,_3) 

NCI 

17474 

C frag 

NY  2 

14977 

RM2 

NC2 

17498 

RM, 

NCI 

14507 

R max  frag  (P4,  M3) 

LK3 

17531 

R astragalus 

KS1 

14517 

R astragalus 

KL6 

17536 

R C 

KS1 

14975 

LC 

NCI 

17444 

LM, 

KS1 

17438 

L semilunar 

KL1 

17419 

molar  frags 

KS1 

Hippopotamus  gorgops  dental 

measurements 

14507 

14516 

14516 

14982 

14975 

17458 

17498 

17536 

P4 

ap 

— 

P4  ap 

40.7 

tr 

36.4 

tr 

— 

M1 

ap 

46. 4e 

M,  ap 

42.3 

tr 

48. 2e 

tr 

33.8 

M: 

ap 

51.6e 

M,  ap 

54.1 

56.2 

79.5 

tr 

57. 4e 

tr 

44.3 

43.1 

42.8 

M-1 

ap 

61.1 

M,  ap 

73.1 

tr 

60.0 

tr 

45.7 

C/ 

ap 

41.2 

/C  ap 

58.8 

77.1 

85.8 

tr 

54.1 

tr 

48.8 

54.4 

52.5 

Hippopotamus  gorgops  astragalus  measurements 


14517 

17531 

lat  It 

121 

132 

med  It 

1 12 

123 

tib  tr 

108 

129 

n/c  tr 

99 

120 

dv 

86 

95 

Hippopotamus  aethiopicus  Coryndon  & Coppens,  1977 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16082 

R md  frag  (M,_3) 

KL1 

16062 

RI, 

KL1 

14978 

RM1 

KL1 

714974 

I,  &C 

NCI 

14980 

LM2 

KL1 

14976 

L astragalus,  prox  L radius,  tuber 

16061 

RM3 

KL1 

calcis,  prox  phalanx 

NN 

714972 

RC 

NK2 

17451 

R max  frag  (dP4-M'),  P, 

KL1 

714508 

RI 

LK4 

17462 

LM3,  I,  cranial  frags 

KL1 

714981 

LC  frag 

NN 

17506 

L md  frag  (dP,-M,) 

KI2 

Contributions  in  Science,  Number  399 


Harris  et  al:  West  Turkana  Fossil  Sites  73 


Hippopotamid  specimen  lists  and  measurements  (continued). 


Hippopotamus  aethiopicus  dental  measurements 


16082 

17462 

14978 

14980 

16061 

17451 

dPJ  ap 

31.6 

tr 

25.0 

M1  ap 

33.6 

32.5 

tr 

312 

27.2 

M,  ap 

33.4 

M-  ap 

40.4 

tr 

27.3 

tr 

35.7 

M3  ap 

52.2 

48.8 

M1  ap 

34.6 

tr 

27.3 

28.2 

tr 

31.4 

16062 

14508 

14972 

14981 

16082 

14974 

I,  ap 

8.8 

14.4 

18.9 

I1  ap 

24.2 

tr 

7.3 

12.6 

16.5 

tr 

23.2 

I2  ap 

10.2 

tr 

11.3 

/C  ap 

26.8 

20.2 

C/  ap 

28.3 

tr 

22.5 

14.6 

tr 

24.3 

Hippopotamus  aethiopicus  postcranial  measurements  (WT  14976) 


Astragalus 

Prox  phalanx 

Radius 

Calcaneum 

lat  It  82 

It  57 

prox  ap 

39 

tc  tr 

44 

med  It  69 

prox  ap  27 

tr 

67 

dv 

52 

tib  tr  57 

tr  37 

n/c  tr  63 

dist  ap  1 7 

dv  47 

tr  30 

Hippopotamus  amphibius  Linn.,  1758 

Material  referred 

KNM-WT 

Specimen 

Site 

17504 

R maxilla  (C,  P2-M3) 

NCI 

Hippopotamus  amphibius  dental  measurements  (WT 

17054) 

C ap 

30.7 

M1  ap 

44. 4e 

tr 

45.8 

tr 

42. 4e 

P2  ap 

37.8 

M2  ap 

51.6 

tr 

32.1 

tr 

48.5 

PJ  ap 

31.7e 

M1  ap 

54. 2e 

tr 

35. 6e 

tr 

49.5 

Hippopotanudae  indet. 

Material  referred 

KNM-WT  Specimen  Site 

17415  M'ordP4  KS1 


ascends  slightly  from  above  the  anterior  tip  of  the  nasals  to 
the  nuchal  crest.  The  orbits  are  elevated  slightly  above  the 
cranial  vault  and  located  posterior  to  the  tooth  row.  The 
upper  incisors  are  lateral  to  each  other  rather  than  being 
oriented  anteroposteriorly.  In  the  LOl  cranium,  the  left  first 
molar  and  left  and  right  first  premolars  were  shed  and  their 
alveoli  resorbed.  The  canines  have  been  lost  but  were  rela- 
tively small.  The  bullae  are  relatively  large  and  inflated.  The 
lacrimals  are  broad  and  concave  and  occupy  an  area  im- 
mediately in  front  of  the  orbits. 

Hexaprotodon  karumensis  Coryndon,  1977 

This  species  was  founded  on  material  from  the  east  side  of 
Lake  Turkana.  It  was  almost  certainly  descended  from  Hex. 


protamphibius  and,  despite  a progressive  but  apparently 
gradual  increase  in  size,  retains  the  gracile  postcranium  char- 
acteristic of  the  latter.  Derived  representatives  of  this  species 
(including  the  type)  continue  the  trend  for  reduction  in  num- 
ber of  incisors  and  display  a diprotodont  arrangement. 

Seventeen  specimens  of  Hex.  karumensis  have  been  col- 
lected from  1 1 sites  in  the  Kaitio  and  Natoo  members.  Spec- 
imens of  this  species  are  larger  than  Hex.  protamphibius  but 
have  a similar  cusp  arrangement  on  their  lower  molars  (i.e., 
entoconid  reduced  and  metaconid  linked  to  hypoconid).  Those 
lower  premolars  collected  lack  additional  lateral  cusps  ad- 
jacent to  the  main  cusp.  The  species  is  characterized  by  small 
canines  and,  in  its  most  progressive  form,  a diprotodont 
arrangement  of  the  lower  incisors  (seen  only  on  WT  14504 
from  LK3  in  the  Natoo  Member).  Hexaprotodon  karumensis 
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may  be  differentiated  from  the  other  large  contemporaneous 
hippo  by  its  smaller  canines,  lower  crowned  cheek  teeth,  the 
transverse  cusp  arrangement,  and  by  the  more  slender  limb 
material  (for  West  Turkana  specimens  postcranial  compar- 
ison is  limited  to  the  astragalus). 


Hippopotamus  Linn.,  1758 
Hippopotamus  kaisensis  Hopwood,  1926 

This  species  was  first  described  by  Hopwood  (1926)  on  the 
basis  of  lower  teeth  and  postcranial  remains  from  Kaiso. 
Additional  Kaiso  material  was  described  by  Cooke  and  Cor- 
yndon  ( 1 970)  who  emended  the  diagnosis  accordingly.  Other 
fossil  material  from  the  several  isolated  sites  that  together 
constitute  the  locality  of  Kaiso  suggests  derivation  from  strata 
that  range  in  age  from  equivalent  to  Shungura  Member  B to 
equivalent  to  Shungura  Member  G (Harris  and  White,  1979). 
Some  of  the  material  from  the  lower  part  of  the  West  Turkana 
sequence  must,  from  the  strongly  ribbed  nature  of  the  lower 
canine,  belong  to  the  genus  Hippopotamus.  The  West  Tur- 
kana cheek  teeth  associated  with  this  type  of  canine  are  of 
similar,  though  slightly  smaller,  size  to  specimens  allocated 
to  Hip.  kaisensis  by  Cooke  and  Coryndon  (1970). 


Hippopotamus  cf.  H.  kaisensis 

Five  of  the  seven  specimens  attributable  to  this  species  were 
recovered  from  LK1  (upper  Kataboi  Member)  in  the  Loruth 
Kaado  area.  The  teeth  are  hypsodont  with  four  well-devel- 
oped trefoils  on  the  lower  molars.  The  lower  canine  is  im- 
mense with  strongly  ribbed  enamel.  An  immature  mandible 
from  the  upper  Kataboi  Member  at  L06  (WT  16386)  has  a 
first  molar  that  is  a little  larger  and  appreciably  taller  than 
other  hippo  material  recovered  from  the  upper  reaches  of 
the  Laga  Lomekwi.  This  is  assigned  to  Hip.  kaisensis  also, 
as  are  juvenile  maxilla  fragments  (WT  17456)  from  NS1. 


Hippopotamus  gorgops  Dietrich,  1928 

This  species  was  first  recognized  from  Olduvai  Gorge  (Die- 
trich, 1928)  where  it  is  common  throughout  the  succession 
(Coryndon,  1978).  It  had  a widespread  distribution,  occur- 
ring as  a relatively  infrequent  constituent  of  Pleistocene  as- 
semblages from  Omo  and  Koobi  Fora  and  is  documented 
from  Cornelia  in  South  Africa  (Coryndon,  1978). 

Fourteen  specimens  attributed  to  Hip.  gorgops  have  been 
recovered  from  eight  sites  in  the  Kaitio,  Natoo,  and  Narioko- 
tome  members.  This  species  has  teeth  of  comparable  size  to 
Hex.  karumensis  but  has  four  well-developed  trefoils  in  both 
upper  and  lower  molars  and  the  teeth  are  proportionately 
higher  crowned.  The  upper  molars  are  bilobed,  the  anterior 
and  posterior  pairs  of  pillars  being  separated  by  a deep  valley. 
The  upper  and  lower  canines  are  much  larger  and  more 


strongly  ribbed  than  those  of  Hex.  karumensis  and  the  as- 
tragalus is  larger  and  broader. 

Hippopotamus  aethiopicus 
Coryndon  & Coppens,  1975 

This  pygmy  species  was  recognized  from  the  upper  part  of 
the  Omo  Shungura  sequence  by  Coryndon  and  Coppens 
(1975)  and  occurs  also  in  the  KBS  and  superjacent  members 
of  the  Koobi  Fora  Formation.  Thirteen  specimens  of  Hip. 
aethiopicus  were  collected  from  six  sites  in  the  Kaitio,  Natoo, 
and  Nariokotome  members. 

Restricted  to  the  upper  portion  of  the  sequence,  this  pygmy 
form  is  unmistakable  by  virtue  of  its  much  smaller  size  than 
the  two  contemporaneous  hippo  species.  The  teeth,  for  their 
size,  have  tall  crowns.  The  incisor  arrangement  is  tetrapro- 
todont. 

Hippopotamus  amphibius  Linn.,  1758 

The  extant  hippo  is  presently  represented  by  a single  speci- 
men: WT  17504,  a right  maxilla  (C,  P2-M3)  from  NCI  in 
the  Nariokotome  Member.  The  specimen  has  not  yet  been 
completely  prepared  but  the  teeth  are  well  enough  exposed 
to  permit  this  identification.  The  molar  teeth  are  smaller  than 
those  of  either  Hip.  gorgops  or  Hex.  karumensis  but  larger 
than  those  of  Hip.  aethiopicus.  The  molar  cusps  are  widely 
separated  at  their  apices  but  in  full  contact  at  their  bases, 
and  arranged  in  anterior  and  posterior  pairs  (as  in  Hippo- 
potamus) rather  than  with  a diagonal  transverse  link  (as  in 
Hexaprotodon).  The  upper  second  premolar  is  triangular. 
The  upper  fourth  premolar  is  bicuspid  with  a large  (outer) 
paracone  and  smaller  (inner)  protocone.  The  canine  is  com- 
parable in  size  to  that  of  an  extant  male  hippo.  It  is  similar 
also  in  size  to  that  of  a male  Hex.  karumensis  but  much 
smaller  than  typical  Hip.  gorgops. 


Family  Camelidae 
Camelus  Linn.,  1758 
Camel  us  sp. 

Camels  were  present  but  rare  in  the  East  African  Plio-Pleis- 
tocene,  specimens  having  been  recovered  from  Omo  (Grat- 
tard  et  al.,  1976),  Koobi  Fora,  Marsabit  Road  (Gentry  and 
Gentry,  1969),  Laetoli  (the  oldest  specimen— Harris,  1987a), 
and  Olduvai  Bed  II  (the  youngest  specimen  — Gentry  and 
Gentry,  1969).  There  is  no  evidence  to  suggest  that  more 
than  one  species  is  represented.  It  is  intermediate  in  size 
between  the  extant  bactrian  and  dromedary  and,  on  the  basis 
of  a mandible  from  Koobi  Fora,  belongs  to  the  genus  Ca- 
melus. 

Only  one  camel  specimen  — WT  16454,  comprising  right 
and  left  mandible  fragments  from  KU 1 in  the  upper  Lo- 
mekwi Member— is  known  from  West  Turkana.  The  man- 
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dible  is  badly  shattered  but  portions  represented  include  frag- 
ments of  the  anterior  part  of  the  symphysis,  fragments  of  the 
posterior  portion  of  the  symphysis,  and  fragments  of  the  left 
and  right  rami  with  third  molars  and  the  coronoid  processes. 

The  incisors  have  typical  camelid  bilobate  (flanged)  crowns, 
though  those  of  the  first  incisor  are  worn  down  almost  past 
that  level.  Both  canines  lack  most  of  their  crowns  but  have 
large  and  massive  roots,  as  does  the  P2  whose  caniniform 
crown  is  comparatively  fragile.  The  lower  molars  have  tri- 
angular outer  cusps  but  a relatively  flat  lingual  surface  de- 
formed only  by  the  goat  fold,  a stylid  at  the  rear  of  the 
metaconid,  and  slightly  outbowed  ribs. 

The  posterior  border  of  the  symphysis  lies  behind  the  al- 
veolus for  the  second  premolar.  The  mandibular  ramus  was 
shallow,  and  the  ascending  ramus  (as  preserved)  gracile. 

Camel  measurements. 


Camelus  sp.  (WT  16454)  dental  measurements 


I, 

ap 

13.5 

P2  ap 

16.1 

tr 

17.4 

tr 

- 

I2 

ap 

12.1 

M,  ap 

34.3 

tr 

15.9 

tr 

25.5 

L 

ap 

10.2 

M,  ap 

42.2 

tr 

13.3 

tr 

28.5 

/c 

ap 

22.2 

M,  ap 

59.0 

tr 

15.9 

tr 

24.3 

Family  Giraffidae 
Subfamily  Giraffinae  Zittel,  1893 
Giraffa  Brisson,  1756 
Giraffa  sp(p). 

At  least  three  fossil  giraffine  species  have  been  documented 
previously  from  the  Lake  Turkana  Basin.  The  small  Giraffa 
stillei  (Dietrich,  1942),  previously  referred  to  as  G.  pygmaeus 
from  Koobi  Fora  (Flarris,  1976)  and  including  at  least  part 
of  the  material  described  from  Omo  as  G.  gracilis  by  Ar- 
ambourg  (1947),  is  present  throughout  much  of  the  Plio- 
Pleistocene  succession.  The  large  Giraffa  jumae  Leakey,  1965, 
has  a similar  temporal  distribution.  A third  species,  inter- 
mediate in  size,  with  ossicones  oriented  at  a different  angle 
from  those  of  G.  jumae,  and  incorrectly  attributed  to  G. 
gracilis  by  Harris  (1976),  first  appears  in  the  middle  part  of 
the  Shungura  sequence  and  persists  at  later  horizons  in  the 
Pliocene  and  early  Pleistocene  parts  of  the  Omo  and  Koobi 
Fora  sequences.  However,  much  of  the  giraffid  material  re- 
covered from  the  Lake  Turkana  Basin  is  too  incomplete  for 
confident  identification  to  the  species  level. 

In  the  West  Turkana  sample  giraffines  are  represented  by 
three  ossicones,  eight  dental  specimens,  and  a few  postcranial 
elements  from  10  sites  in  the  Lomekwi,  Kalochoro,  Natoo, 
and  Nariokotome  members.  A fragmentary  ossicone  from 


L05  in  the  lower  Lomekwi  Member,  WT  16227,  is  probably 
a right  ossicone.  If  so,  the  surface  bone  from  much  of  the 
posterior  surface  is  missing.  The  ossicone  has  a large  basal 
sinus  and  is  compressed  anteroposteriorly  at  its  proximal 
end.  It  tapers  rapidly  above  its  base  but  then  more  gradually 
to  terminate  in  a rugose  knob.  The  terminal  knob  and  the 
uneroded  surfaces  of  the  proximal  portion  are  sculpted  by 
deep  longitudinal  grooves  and  ridges. 

Ossicones  WT  14523A  (right)  and  14523B  from  NCI  in 
the  Nariokotome  Member  have,  in  contrast,  a much  smooth- 
er outer  cortex  and  a more  pronounced  terminal  knob.  There 
are  small  patches  of  secondary  bone  apposition.  The  speci- 
mens are  too  large  to  belong  to  G.  stillei  (Dietrich,  1942). 
They  probably  represent  either  G.  jumae  Leakey,  1965,  or 
the  extant  G.  Camelopardalis,  but  which  is  difficult  to  judge. 

Upper  teeth  are  known  only  from  NC2  in  the  Nariokotome 
Member  and  could  belong  to  either  G.  jumae  or  G.  Came- 
lopardalis. Lower  teeth,  currently  known  only  from  the  Lo- 
mekwi and  Kalochoro  members,  exhibit  little  morphological 
variation  other  than  size;  the  latter  increases  up  the  sequence. 
Perhaps  the  mandible  fragment  WT  16223  from  LAI  in  the 
Kalochoro  Member  belongs  to  the  giraffine  species  docu- 
mented from  Omo  and  Koobi  Fora  that  is  intermediate  in 
size  between  G.  stillei  and  G.  jumae.  The  magnum  WT  16224 
from  KU 1 in  the  upper  Lomekwi  Member  is  smaller  than 
WT  14521  from  NCI  in  the  Nariokotome  Member. 

Subfamily  Sivatheriinae  Zittel,  1893 
Sivatherium  Falconer  & Cautley,  1835 
Sivatherium  maurusium  (Pomel,  1892) 

Sivatheres  were  present  but  usually  uncommon  at  many  of 
the  known  Pliocene  and  Pleistocene  localities  of  sub-Saharan 
Africa.  Only  one  Plio-Pleistocene  Sivatherium  species  has 
been  recognized  from  East  Africa.  This  displayed  consider- 
able variation  in  ossicone  morphology  (Harris,  1974)  and 
underwent  progressive  reduction  in  the  length  of  the  meta- 
podials. 

Only  five  sivathere  specimens  have  so  far  been  recovered 
from  West  Turkana:  WT  17472,  upper  molar  and  premolar 
fragments  from  NS1;  WT  16222,  a left  lower  third  molar 
from  L03;  WT  16221,  a right  lower  first  or  second  molar 
from  KU2;  WT  14522,  a right  mandible  fragment  (dP3-M,) 
from  KK;  and  WT  16584,  associated  upper  and  lower  teeth 
and  postcranial  elements  from  KL1.  The  partial  skeleton 
from  KL1  is  the  second  most  complete  specimen  from  the 
Lake  Turkana  Basin,  a slightly  more  complete  skeleton  being 
known  from  Koobi  Fora  Area  131.  All  the  West  Turkana 
material  falls  within  the  limits  of  size  variation  exhibited  by 
other  specimens  previously  assigned  to  this  species. 

Family  Bovidae 

The  bovids  are  the  commonest  terrestrial  fossils  recovered 
from  the  West  Turkana  succession.  Over  30  species  have 
been  recognized  on  the  basis  of  their  cranial  or  horn  core 
morphology.  Dentitions  and  isolated  teeth  are  usually  iden- 
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Giraffid  specimen  lists  and  measurements. 


Giraffa  Brisson,  1756 
Giraffa  sp(p). 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14520 

RP4,  LM1,  LM2 

NC2 

16228 

LP4  frag 

L03 

14521 

R magnum 

NCI 

16218 

RM, 

L09 

14523 

R & L ossicones 

NCI 

16219 

LM,  frag 

L04 

16223 

R md  frag  (M,,) 

LAI 

16220 

RP4  frag 

L04 

16225 

R astragalus 

LOl 

16227 

R ossicone 

L05 

16226 

R md  frag  (M,_3) 

KU1 

17437 

R me,  int.  phalanx  & humerus  frags 

KL1 

16224 

R magnum,  LM,  frag  & enamel  frags 

KU1 

Giraffa  sp(p).  dental  measurements 


16219 

16220 

16228  16218 

16224 

16226  16223 

ap 

— 

— 

tr 

18.3 

20.7  + 

ap 

28.5* 

P4  ap 

tr 

20.4 

tr 

ap 

28.4 

24.5 

M1  ap 

tr 

21.4 

17.3 

tr 

ap  38.7  + 

43.7 

41.0 

39.5 

34.2 

M2  ap 

tr  21.3 

22.5 

21.1 

17.4 

tr 

Giraffa  sp(p).  ossicone  measurements 

16227 

14523A 

14523B 

prox  ap 

67 

tr 

96 

dist  ap 

36 

39 

37 

tr 

45 

49 

41 

length 

178 

204 

Giraffa  sp(p).  postcranial  measurements 

Magnum 

Astragalus 

14224A  14521 

16625 

max  It 

63 

66 

lat  It 

101 

Length 

max  width 

61 

69 

med  It 

87 

prox  ap 

max  height 

35 

39 

tib  tr 

72 

tr 

n/c  tr 

62 

distap 

depth 

59 

tr 

Sivatherium  maurusium  (Pomel,  1 892) 

Material  referred 

KNM-WT 

Specimen 

Site 

16222 

LM, 

L03 

16221 

RMi/2 

KU2 

14522 

R md  frag  (DP,-M>) 

KK 

16584 

cranial  & postcranial  frags 

KL1 

17472 

upper  molar  & premolar  frags 

NS1 

14520 


23.9 

29.1 

27.8 

33.9 
29.3 
35.6 


Intermediate 


Metacarpal 

phalanx 

17437 

17437 

610 

52 

55 

33 

77 

45 

47 

27 

74 

42 
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Giraffid  specimen  lists  and  measurements  (continued). 


Sivatherium  maurusium  dental  measurements 


14522 

16221 

16222 

16584 

dP,  ap 

23.6 

P3  ap 

34.8 

tr 

16.3 

tr 

dP4  ap 

51.4 

P4  ap 

36.2 

tr 

24.5 

tr 

40.4 

P4  ap 

40.6 

M'  ap 

tr 

27.1 

tr 

M,  ap 

42.0 

45.4 

M-  ap 

51.9 

tr 

33.3* 

31.3 

tr 

49.3 

M,  ap 

45.2 

50.6 

M3  ap 

46.2 

tr 

39.5 

32.5 

tr 

44.7 

M,  ap 

65.0 

62.2 

tr 

33.0 

30.3 

Sivatherium  maurusium  postcranial  measurements  (WT  16584) 


Scaphoid 

Semilunar 

Cuneiform 

R 

L 

R 

L 

R 

L 

ap 

67 

69 

58 

59 

59 

60 

tr 

38 

39 

41 

39 

35 

37 

ant  ht 

45 

45 

47 

50 

45 

48 

Unciform 

Magnum 

Terminal  phalanx 

R 

L 

R 

L 

RR 

RL 

LR 

ap 

58 

— 

68 

66 

87 

87 

— 

tr 

50 

— 

53 

51 

53 

51 

51 

ant  ht 

32 

32 

28 

30 

40 

42 

42 

Metacarpal 

Proximal  phalanx 

Intermediate  phalanx 

R 

L 

RR 

RL 

LR 

RR 

RL 

LR 

Length 

283 

— 

1 12 

107 

106 

58 

58 

57 

prox  ap 

62 

63 

48 

49 

49 

43 

46 

41 

tr 

90 

91 

49 

48 

51 

49 

51 

47 

dist  ap 

51 

52 

32 

33 

33 

47 

50 

46 

tr 

99 

100 

49 

51 

49 

50 

47 

47 

Calcaneum 

Astragalus 

Naviculocuboid 

R 

L 

R 

L 

R 

L 

Length 

— 

179 

lat  It 

94 

90 

It 

67 

79 

artic  tr 

— 

70 

med  It 

80 

80 

tr 

83 

81 

dv 

74 

76 

tib  tr 

65 

67 

dv 

43 

46 

tc  tr 

— 

48 

n/c  t 

64 

64 

dv 

— 

44 

dv 

54 

55 

Metatarsal 

Prox  phalanx 

Int  phalanx 

Distal  phalanx 

R 

L 

RR 

RL 

LR 

RR 

LR 

RR 

RL 

LR 

Length 

345  + 

— 

104 

106 

105 

53 

53 

80 

76 

79 

prox  ap 

56  + 

69 

47 

46 

45 

35 

37 

49 

48 

50 

tr 

74 

72 

45 

44 

44 

41 

41 

35 

34 

35 

dist  ap 

51 

49 

28 

28 

28 

39 

41 

tr 

87 

89 

41 

42 

41 

38 

38 

tifiable  only  to  tribal  level.  Isolated  postcranial  elements, 
which  are  even  more  difficult  to  identify,  were  not  collected. 

Tribe  Tragelaphini 

Tragelaphus  Blainville,  1816 

Tragelaphus  nakuae  Arambourg,  1941 

Figure  37 

This  species  was  first  described  from  the  Omo  Shungura 
Formation  (Arambourg,  1941),  where  it  is  abundant  from 


Member  B through  lower  Member  G and  persists  into  Mem- 
ber H (Gentry,  1985).  It  occurs  also  at  Koobi  Fora  in  the 
interval  represented  by  the  Moiti  through  the  KBS  members 
but  has  not  yet  been  recorded  outside  the  Lake  Turkana 
basin. 

Tragelaphus  nakuae  is  represented  in  the  West  Turkana 
sample  by  22  specimens  from  nine  sites  in  the  Kataboi,  Lo- 
mekwi,  Lokalalei,  Kalochoro,  and  Kaitio  members.  The  most 
complete  specimen  so  far  recovered  from  West  Turkana 
comprises  a calvaria  with  proximal  horn  cores  (WT  16681) 
from  KU2  in  the  upper  part  of  the  Lomekwi  Member.  Only 
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Figure  37.  KNM-WT  16681,  Tragelaphus  nakuae  calvarium  and 
proximal  horn  cores  from  the  upper  Lomekwi  Member  at  KU2; 
anterior  view. 


the  posterior  portion  of  the  orbits  is  preserved  but  the  dorsal 
surface  of  the  cranial  vault  extends  anteriorly  to  the  nasal- 
frontal  suture.  The  deep  supraorbital  foramina  are  located 
midway  between  the  top  of  the  orbital  rims  and  the  midline. 
The  cranial  vault  is  slightly  constricted  behind  the  orbits 
before  expanding  at  the  horn  core  bases.  Behind  the  horn 
cores  the  cranial  vault  is  proportionately  shorter  than  in  T. 
strepsiceros  and  the  dorsal  surface  is  excavated  into  a concave 
basin  between  the  supratemporal  ridges  laterally  and  between 
the  horn  core  pedicels  and  the  nuchal  crest  anteroposteriorly. 
The  posterior  portion  of  the  parietals  is  swollen  to  form  the 
massive  transverse  crest  typical  of  this  species.  There  is  only 
a faint  median  ridge  on  the  occiput,  which  is  proportionately 
taller  and  less  wide  than  in  the  T.  strepsiceros  specimens  from 
higher  in  the  sequence.  The  paroccipital  processes  and  oc- 
cipital condyles  are  incompletely  preserved  in  WT  1 668 1 but 
virtually  complete  (and  the  processes  short  and  massive)  in 
WT  16511  from  L04  in  the  lower  Lomekwi  Member. 

Behind  and  above  the  orbits,  the  horn  cores  extend  back- 
ward, outward,  and  upward.  They  are  nearly  oval  in  trans- 


Figure 38.  KNM-WT  14534.  Tragelaphus  strepsiceros  calvarium 
and  horn  cores  from  the  Kaitio  Member  at  KL6;  anterior  view. 


verse  section  at  their  base  though  a short  anterior,  a dorsal, 
and  a longer  posteroventral  surface  may  be  distinguished. 
The  right  horn  core  spirals  clockwise  when  viewed  from  the 
distalmost  preserved  portion,  so  that  the  posterodorsal  cor- 
ner at  the  base  becomes  the  posteroventral.  The  horn  cores 
have  begun  to  curve  medially  at  their  preserved  extremities 
but  the  distal  portions  are  missing. 

In  both  the  Shungura  and  Koobi  Fora  successions,  the  horn 
cores  of  T.  nakuae  underwent  a distinct  change  in  shape 
through  time.  The  West  Turkana  material  is  too  incomplete 
to  document  a comparable  change  in  this  succession. 

Tragelaphus  strepsiceros  (Pallas,  1766) 

Figure  38 

The  oldest  record  of  the  extant  greater  kudu  in  the  Lake 
Turkana  basin  is  in  the  lower  part  of  Shungura  Member  G, 
where  it  is  rare  (Gentry,  1985).  It  does  not  occur  at  Koobi 
Fora  below  strata  equivalent  to  upper  Shungura  Member  G 
but  is  a common  constituent  in  the  younger  local  faunas  from 
that  locality.  At  Koobi  Fora,  as  at  Olduvai,  two  subspecies 
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Tragelaphine  specimen  lists  and  measurements. 


Tragelaphus  nakuae  Arambourg,  1941 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16681 

calvaria  and  prox  h/c’s 

KU2 

16502 

R md  frag  (P3-M3) 

L05 

16511 

incomplete  calvaria  lacking  h/c’s 

L04 

16504 

R md  frag  (M3) 

L04 

16884 

partial  R h/c 

KU2 

16506 

R md  frag  (P4-M3) 

KU2 

16682 

h/c  frag 

KU2 

17471 

LM3 

NS1 

16598 

distal  h/c  frag 

L08 

16497 

R md  frag  (M,_3) 

KU2 

16683 

h/c  frag 

L04 

16499 

L md  frag  (M,_2) 

L05 

16510 

h/c  frag 

LAI 

16495 

m2 

L05 

14883 

h/c  frag 

NT 

16496 

RP\  RM;-3,  RM3  frag 

LAI 

14884 

h/c  frag 

LK1 

16501 

LM’ 

L04 

14892 

h/c  frag 

LK2 

16498 

LM2 

L08 

16503 

R md  frag  (M,_3) 

LQ5 

16500 

R max  frag  (M2-3) 

L05 

T.  nakuae  cranial  measurements 

16681 

1651 

Width  post,  orbits 

164 

Max  width  base  h/c’s 

154 

Base  L h/c  ap 

52 

tr 

68 

Base  R h/c  ap 

46 

tr 

77 

Width  at  mastoid 

Height  occiput  above  foramen 

149 

143 

magnum 

73 

74 

Width  occipital  condyles 

— 

81 

Width  post,  tuberosities 

4 

Width  ant.  tuberosities 

29 

T.  nakuae  dentitions 


16506 

16502 

16504 

16503 

16497 

16499 

16495 

16496 

16501 

16498 

17471 

P2 

ap 

1 1.6 

P3  ap 

15.2 

tr 

6.6 

tr 

14.5 

P3 

ap 

15.0 

M2  ap 

30.1 

28.8 

tr 

9.2 

tr 

21.9 

21.5 

P4 

ap 

16.4 

18.1 

M3  ap 

29.0 

26.0 

23.2 

tr 

1 1.4 

10.6 

tr 

20.0 

19.1 

M,  ap 

19.4 

20.4 

tr 

13.5 

14.3 

12.7 

M2  ap 

25.3 

25.1 

25.8 

23.2 

22.2 

25.4 

tr 

15.6 

15.6 

13.5 

14.9 

16.2 

M,  ap 

33.5 

34.3 

32.8 

33.5 

31.9 

tr 

14.3 

14.2 

12.5 
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Tragelaphine  speicmem  lists  and  measurements  (continued). 


Tragelaphus  strepsiceros  (Pallas,  1 766) 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14534 

calvaria  with  h/c’s 

KL6 

14735B 

L md  frag  (M,) 

LK4 

14880 

female  cranium  (RM3) 

KG 

16064 

R md  frag  (P,) 

KL1 

14882 

calvaria  with  prox  L and  part  R h/c 

KL2 

17424 

max  frag  (L  & R M2”3) 

NY3 

14885 

prox  R h/c 

KL3 

17546 

R max  (M1-3) 

NY2 

14893 

prox  R h/c 

KL3 

17551 

L md  (dP3) 

NY3 

14888 

h/c  frags 

KL6 

17457 

R & L h/c  frags 

NY3 

14881 

h/c  frag 

KL2 

17465 

h/c  frag 

NY3 

14895 

h/c  frag 

KL6 

17466 

L h/c  frag 

NY3 

14886 

h/c  frag 

KL6 

17468 

h/c  frags 

NY3 

17430 

juv  R h/c 

NY2 

17476 

L md  frag  (P3_) 

NY2 

17445 

prox  R h/c 

NY3 

17481 

R h/c  frag 

NY2 

14894 

R md  (dP4-M2) 

KL6 

17482 

LM12 

NY2 

14887 

R md  (M,_3) 

KK 

17493 

R & L h/c  frags 

NY2 

14891 

LM3 

KL3 

17494 

max  (RM1"3,  LM2-3) 

NY3 

14879 

RM3,  LM2,  LM3 

LK4 

17495 

frontlet  & h/c  frags 

NY2 

T.  strepsiceros  cranial  measurements 


14534 

14882 

17445 

Width  post,  orbits 

149 

Max  width  base  h/c’s 

123 

Base  L h/c  ap 

63 

tr 

50 

Base  R h/c  ap 

63 

65 

tr 

49 

59 

Width  at  mastoid 

137 

141 

Height  occiput  above  foramen 

magnum 

57 

67 

Width  occipital  condyles 

74 

85 

Width  post,  tuberosity 

59 

Width  ant.  tuberosity 

35 

T.  strepsiceros  dental  measurements 


14984 

14887  14735A  16064 

17476  17491 

17551 

14879 

14891 

17424 

17494 

17546 

dP3  ap 

13.9 

M1  ap 

19.5  + 

tr 

7.5 

tr 

19.6 

15.6 

dP4  ap 

26.2 

M2  ap 

23.5 

24.6 

25.1 

24.2 

tr 

11.9 

tr 

18.5 

20.5 

19.6 

13.0 

P3  ap 

15.7 

15.3 

M3  ap 

16.3 

22.9 

25.6 

25.6 

21.6  + 

tr 

8.4 

8.6 

tr 

12.8 

13.8 

16.5 

15.0 

12.5 

P4  ap  16.8 

tr  10.1 


M,  ap 

21.2 

17.8  + 

tr 

10.8 

10.9 

M,  ap 

23.5* 

23.6 

20.6 

tr 

10.6 

11.4 

13.6 

M,  ap 

tr 

11.9 

T ragelaphus  ga udreyi/ robbinsi 

Material  referred 

KNM-WT  Specimen  Site 

16505  prox  L h/c  L08 
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Tragelaphine  specimen  lists  and  measurements  (continued). 


Tragelaphus  scriptus  (Pallas,  1 766) 

Material  referred 

KNM-WT  Specimen  Site 

14878  R md  (P4-M,)  NCI 

14890  R md  frags  (roots  DP4>  M„  M2)  KL6 

16415  R md  frag  (M,)  L03 

Tragelaphus/Taarotragus 

Material  referred 

KNM-WT  Specimen  Site 

14623  RdP4  NCI 


Tragelaphus  imberbis/scriptus 

Material  referred 

KNM-WT  Specimen  Site 


16473  max  frags  (RM2-3,  LM'~2) 

L05 

Tragelaphini  dental  measurements 

14878 

14890  16415  14623 

16473 

P2  (roots)  ap 

6.9 

M1  ap 

14.4 

tr 

3.8 

tr 

14.1 

P,  (roots)  ap 

9.9 

M2  ap 

17.0 

tr 

5.1 

tr 

15.7 

P4  ap 

12.3 

26.0 

M3  ap 

20.3 

tr 

6.5 

14.6 

tr 

14.0 

M,  ap 

14.2 

17.2 

tr 

7.9 

7.1 

M,  ap 

16.3 

18.6 

tr 

8.8 

M,  ap 

21.4 

tr 

8.9* 

7.9 

of  greater  kudu  occur  in  strata  older  than  2 Ma  but  the  extinct 
subspecies,  T.  strepsiceros  maryanus  (Leakey,  1965),  char- 
acterized by  anteroposteriorly  compressed  horn  cores,  has 
not  yet  been  recovered  from  West  Turkana.  Both  greater  and 
lesser  kudu  occur  east  of  Lake  Turkana  today. 

Thirty  specimens  of  Tragelaphus  strepsiceros  have  been 
recovered  from  nine  West  Turkana  sites:  two  specimens  have 
been  recovered  from  the  Kalochoro  Member,  three  from  the 
Natoo  Member,  and  the  rest  from  the  Kaitio  Member.  The 
best  West  Turkana  specimen  is  WT  14534,  a calvaria  with 
horn  cores  from  KL6  in  the  Kaitio  Member.  It  differs  from 
T.  nakuae  by  lacking  the  transverse  bar  at  the  rear  of  the 
parietals,  by  the  less  massive  and  proportionately  wider  but 
less  elevated  occiput,  and  by  the  different  shape  of  the  horn 
cores.  The  horn  cores  are  more  uprightly  inserted,  less  dor- 
soventrally  compressed,  and  ascend  outward  and  backward 
in  a helical  spiral  and  with  greater  torsion,  completing  one 
full  revolution  between  the  base  and  the  tip.  The  torsion  is 
in  the  same  direction  as  in  T.  nakuae  (clockwise  upward  in 
the  right  horn  core).  A well-developed  keel  arises  from  the 
anteromedial  edge  of  the  horn  core  base,  with  a less  strong 
keel  extending  from  the  posteromedial  edge. 

A poorly  preserved  female  cranium  (WT  14882  from  KG 


in  the  Kalochoro  Member),  a little  larger  in  size  than  the 
extant  female  lesser  kudu,  may  also  be  of  this  species. 

Tragelaphini  genera 
and  species  indeterminate 

WT  16505  is  a proximal  left  horn  core  fragment  from  L08 
in  the  Lokalalei  Member.  It  is  greatly  eroded  and  no  mea- 
surements are  possible.  It  has  comparable  torsion  and  angle 
of  insertion  to  T.  strepsiceros  specimens  from  younger  por- 
tions of  the  section  but  is  more  gracile.  It  could  conceivably 
represent  T.  gaudreyi  (P.  Thomas,  1884),  recorded  from  sed- 
iments of  comparable  age  in  the  lower  Omo  valley  (Gentry, 
1985)  or  a new  species  of  Tragelaphus  described  from  Ka- 
napoi  (Smart,  in  litt.). 

WT  16473,  fragments  of  maxilla  (RM2-3  and  LM1^2)  from 
L05  in  the  lower  Lomekwi  Member  has  teeth  of  identical 
size  and  morphology  to  a lesser  kudu  (T.  imberbis  Blyth)  or 
a large  bushbuck  (T.  scriptus  (Pallas)). 

Three  tragelaphine  mandibles— WT  16415,  a right  man- 
dible fragment  (M,)  from  L03  in  the  upper  Lomekwi  Mem- 
ber; WT  14890,  right  mandible  fragment  (M,_2)  from  KL6 
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in  the  Kaitio  Member;  and  WT  14878,  right  mandible  (P4- 
M3)  from  NCI  in  the  Nariokotome  Member— are  morpho- 
logically identical  and  of  similar  size  to  those  of  a large  bush- 
buck  (T.  script  us). 

WT  14623  is  a very  large  tragelaphine  RP4  from  NCI  in 
the  Nariokotome  Member  and  may  represent  either  a very 
large  greater  kudu  or  eland. 

Tribe  Bovini 

At  least  three  distinct  bovine  species  occur  in  the  West  Tur- 
kana  assemblages— a species  of  Ugandax  in  the  lower  part 
of  the  succession,  at  least  one  species  of  Pelorovis  in  the  upper 
part  of  the  succession,  and  a form  close  to  the  modern  cape 
buffalo  in  the  youngest  assemblage  from  the  Nachukui  For- 
mation. Although  the  teeth  are  very  similar,  Pelorovis  teeth 
have  “pinched”  lobes  on  the  inner  surface  of  the  upper  teeth 
and  outer  surface  of  the  lower  molars,  whereas  those  of  Ugan- 
dax have  a more  smoothly  rounded  profile  although  the 
“pinching,”  a typically  bovine  characteristic,  is  present  to  a 
limited  degree.  The  “pinching”  in  some  Pelorovis  speci- 
mens—particularly  mandible  WT  14630  and  upper  molars 
14628  and  14631— is  sufficiently  developed  to  impart  a 
“ribbed”  effect  on  the  lobe  surface. 

Syncerus  coffer  (Sparrman,  1779) 
Syncerus  cf.  S.  coffer 

WT  14621  from  NC2  in  the  Nariokotome  Member  is  a par- 
tial right  horn  core  of  a small  buffalo  that  is  closely  com- 
parable in  shape  to  that  of  A.  cajfer.  The  horn  core,  which 
has  a small  basal  sinus,  is  flattened  dorsoventrally  and  grad- 
ually tapers  distally  from  the  base.  The  horn  core  extends 
outward  and  slightly  downward  from  the  base,  rising  upward 
in  its  distal  portion  (which  is  less  dorsoventrally  compressed); 
there  is  slight  anticlockwise  torsion  in  the  preserved  portion 
of  the  horn  core.  The  distal  portion  is  more  elevated  dorsally 
and  is  more  rounded  than  the  proximal  portion.  The  tip  (and 
probably  the  distal  third)  of  the  horn  core  is  missing  but  this 
probably  rose  to  be  elevated  some  distance  above  the  level 
of  the  basal  boss.  More  than  19  cm  long,  the  horn  core 
measures  72+  x 39  mm  in  its  proximal  portion. 

A fragment  of  a lower  right  M:,  WT  1 4622,  from  the  same 
locality  may  represent  the  same  taxon.  This  is  1 5.4  mm  wide. 

The  only  Syncerus  material  identified  from  the  Shungura 
Formation  is  an  extinct  species  comparable  to  A.  acoelotus. 
The  Nachukui  sites  in  the  Nariokotome  Member  are,  how- 
ever, equivalent  stratigraphically  to  high  in  Member  L— a 
level  that  was  not  intensively  sampled  by  the  International 
Omo  Expedition.  An  undescribed  specimen  closely  compa- 
rable to  the  extant  cape  buffalo  was,  however,  retrieved  from 
the  late  Pleistocene  to  Holocene  strata  at  Kalam  in  the  lower 
Omo  Valley  by  the  International  Omo  Expedition.  Cape  buf- 
falo were  present  in  the  south  part  of  the  Lake  Turkana  Basin 
in  historic  times  but  are  not  found  there  today;  they  do, 


however,  still  occur  in  the  lower  part  of  the  Omo  River 
drainage. 

Ugandax  Cooke  & Coryndon,  1970 

This  genus  was  originally  interpreted  as  hippotragine  by  its 
authors  but  was  subsequently  determined  to  be  a bovine. 
The  type  species  is  from  Kaiso  in  Uganda  and  a different 
species  is  known  from  Hadar  in  Ethiopia.  Undescribed  ma- 
terial from  the  lower  part  of  the  Koobi  Fora  sequence  appears 
to  represent  yet  another  species  to  which  specimens  from  the 
lower  part  of  the  West  Turkana  sequence  apparently  belong. 

Ugandax  new  species 

Eleven  specimens  attributed  to  this  taxon  were  collected  from 
seven  sites  in  the  Lomekwi,  Lokalalei,  and  Kalochoro  mem- 
bers. WT  16185  from  KU2  in  the  upper  Lomekwi  Member 
consists  of  a horn  core  fragment  and  associated  maxilla  frag- 
ment with  RM2"3.  The  portion  of  horn  core  is  dorsoventrally 
compressed  and  lacks  much  of  one  surface  (the  inferior?)  but 
is  evidently  hollow  at  its  base  where  a basal  sinus  is  well 
developed.  The  surface  bone  is  weathered  but  suggestive  of 
a smooth  (or  at  most  longitudinally  ridged)  surface.  The  frag- 
ment measures  74  mm  anteroposteriorly  in  its  proximal  por- 
tion and  more  than  38  mm  dorsoventrally. 

A partial  calvaria  with  proximal  horn  cores— WT  16508 
from  L08  in  the  Lokalalei  Member— has  suffered  much  dor- 
soventral  compression.  The  horn  cores,  which  arise  well  be- 
hind the  orbit,  are  dorsoventrally  flattened,  curving  backward 
and  outward  at  their  base  but  converging  medially  in  their 
distal  portion  in  a manner  closely  comparable  to  a calvaria 
(KNM-ER  230)  from  the  lower  part  of  the  Koobi  Fora  se- 
quence. As  preserved,  the  West  Turkana  calvaria  is  broadest 
at  the  rear  of  the  orbits.  Though  concave  in  the  midline,  the 
frontal  roof  is  domed  on  either  side  in  front  of  the  horn  cores. 
The  parietal  vault  is  very  short,  and  the  temporal  fossa  is 
deep  and  elongate  anteroposteriorly.  The  occiput  must  have 
been  crushed  dorsoventrally  for,  as  preserved,  the  top  of  the 
foramen  magnum  is  almost  contiguous  with  the  nuchal  crest. 
The  mastoids  and  anterior  part  of  the  basioccipital  have  been 
eroded  away.  The  paroccipital  processes  are  very  short  and 
conical.  The  fragments  of  horn  core  show  no  appreciable 
torsion. 

Pelorovis  Reck,  1928 

This  genus  was  originally  erected  for  a large  species  of  bovine 
from  Olduvai  Gorge.  Subsequent  collecting  at  Koobi  Fora 
indicated  that  two  Pelorovis  species,  a large  and  a small,  co- 
existed in  East  Africa  during  the  early  Pleistocene.  The  small- 
er species,  currently  unnamed  pending  description  of  more 
complete  material  from  Koobi  Fora,  has  now  been  recog- 
nized also  from  West  Turkana. 

Pelorovis  new  species 

Right  and  left  horn  cores,  WT  17519  from  NY 3 in  the  Kaitio 
Member,  belong  to  a small  species  of  Pelorovis  recorded  from 
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the  upper  portion  of  the  Koobi  Fora  Formation.  Dorsoven- 
trally  compressed,  these  horn  cores  extended  outward  and 
slightly  backward  in  their  proximal  portions,  curving  round 
to  converge  anteriorly  in  their  distal  portion.  There  is  slight 
anticlockwise  torsion  (in  the  right  horn  core).  The  distal  third 
of  each  horn  core  is  missing.  The  proximal  portion  of  the 
right  horn  core  measures  107  x 77  mm,  that  of  the  left  108  x 
76  mm. 

Pe/orovis  species  indeterminate 

A horn  core  fragment  and  some  partial  dentitions  appear  to 
belong  to  Pelorovis  but  may  not  be  assigned  with  certainty 
to  Pelorovis  oldowavensis  or  the  new,  smaller  species. 

WT  14624  from  KL6  in  the  Kaitio  Member  is  a small 
fragment  of  the  middle  section  of  a right  horn  core.  About 
17  cm  long,  it  measures  67  x 53  mm  at  its  proximal  end. 

Bovine  mandible  fragments  and  teeth  that  probably  belong 
to  Pelorovis  are  known  from  KI1,  KL3,  KL6,  KS1,  and  NY2 
in  the  Kaitio  Member  and  KL1  and  KL5  in  the  Natoo  Mem- 
ber. Three  mandibular  fragments,  14634  from  KL4  in  the 
Kaitio  Member  and  14627  and  14696  from  KG1  in  the 
Kalochoro  Member  are  a little  smaller  than  the  other  Pelo- 
rovis specimens  but  are  from  slightly  older  horizons. 

Two  large  left  bovine  astragali  (14632  and  14633)  from 
KL1  in  the  Natoo  Member  probably  belong  to  Pelorovis  also. 

Tribe  Reduncini 
Kobus  A.  Smith,  1840 
Kobus  ellipsiprymnus  (Ogilby,  1833) 

A proximal  left  horn  core,  WT  14727  from  NCI  in  the  Na- 
riokotome  Member,  is  attributed  to  the  extant  waterbuck  on 
the  basis  of  similar  size  and  morphology.  It  is  slightly  com- 
pressed mediolaterally,  but  less  so  than  in  Kobus  sigmoidalis 
and  is  appreciably  larger  than  most  specimens  of  K.  kob. 
Although  some  bone  is  missing  from  the  lateral  surface,  this 
was  apparently  flattened  originally.  The  specimen  is  orna- 
mented with  longitudinal  ridges  and  there  is  a very  faint 
indication  of  transverse  ribbing.  At  its  proximal  extremity 
the  specimen  measures  52  mm  (ap)  x 50  mm  (tr).  A few 
specimens  of  this  species  have  been  retrieved  from  the  KBS 
Member  in  the  Koobi  Fora  succession.  Waterbucks  were 
formerly  present  in  the  south  part  of  the  Lake  Turkana  Basin 
in  historic  times  and  were  recorded  as  present  on  the  east 
side  of  the  lake  by  Stewart  and  Stewart  (1963);  they  still 
persist  today  in  the  vicinity  of  the  Omo  River. 

Kobus  leche  Gray,  1850 

A proximal  right  horn  core,  WT  14730  from  NC3  in  the 
Nariokotome  Member,  is  of  comparable  shape,  compression, 
and  ornamentation  to  those  of  K.  sigmoidalis  but  arises  more 
laterally  from  its  base.  It  is  ornamented  by  longitudinal  ridges 
and  transverse  ribs  and  its  basal  diameters  are  44  mm  x 35 


mm.  Horn  cores  of  similar  shape  and  orientation,  but  varying 
greatly  in  size,  have  been  collected  from  the  upper  Burgi, 
KBS,  and  Okote  members  in  the  Koobi  Fora  succession. 

Kobus  kob  (Erxleben,  1777) 

Kobus  cf.  K.  kob 

Horn  cores  very  similar  to  those  of  the  extant  kob  have  been 
reported  from  the  higher  part  of  the  Shungura  sequence 
(Members  J-L)  by  Gentry  (1985).  The  species  is  represented 
also  in  the  Koobi  Fora  succession,  first  occurring  in  signifi- 
cant numbers  in  the  KBS  Member  and  becoming  the  com- 
mon reduncine  in  the  Okote  Member.  In  the  West  Turkana 
succession,  kobs  have  been  recovered  from  only  two  sites 
(KL1  and  NT)  in  the  Natoo  Member. 

The  West  Turkana  kob  horn  cores  are  small  and  relatively 
short  and  stout.  They  are  massive  and  only  slightly  medio- 
laterally compressed  in  their  proximal  portion  — a feature  that 
serves  to  distinguish  them  from  other  reduncines  in  this  part 
of  the  succession— but  become  circular  in  transverse  section 
distally.  The  horn  cores  arise  behind  the  orbits  and  diverge 
outwards  as  they  extend  backward.  Their  anterior  surface  is 
ornamented  by  faint  to  moderately  developed  transverse 
ridges. 

Kobus  sigmoidalis  Arambourg,  1941 

This  species  is  a prominent  constituent  of  assemblages  from 
the  lower  part  of  the  Shungura  sequence  where  it  is  partic- 
ularly abundant  in  Members  D through  G (Gentry,  1985). 
Kobus  sigmoidalis  is  similarly  the  commonest  reduncine  from 
Koobi  Fora  in  the  upper  Burgi  and  KBS  members.  It  is  of 
comparable  size  to  the  extant  waterbuck,  compared  to  which 
it  has  similarly  shaped,  though  much  more  laterally  com- 
pressed, horn  cores. 

This  is  one  of  the  most  frequently  encountered  species  in 
the  middle  portion  of  the  West  Turkana  sequence,  with  nine 
specimens  documented  from  the  upper  Lomekwi  Member 
and  seven  from  the  Lokalalei  Member.  Isolated  specimens 
are  known  also  from  L04  and  L09  (in  the  lower  and  middle 
portions,  respectively,  of  the  Lomekwi  Member),  and  per- 
haps from  LK3  in  the  Natoo  Member,  though  this  might 
instead  be  a fragment  of  lechwe  horn  core.  The  best  specimen 
is  a cranium  with  associated  horn  cores,  WT  16674  from 
KU2,  but  portions  of  the  base  of  the  horn  cores  are  missing 
so  these  may  not  be  fitted  to  the  cranium.  The  horn  cores 
arise  behind  the  orbit  and,  if  complete,  which  none  of  the 
West  Turkana  specimens  are,  would  be  slightly  S-shaped  in 
lateral  view  (hence  the  name).  The  horn  cores  diverge  out- 
wards as  they  extend  backward  and  then  upward  with  slight 
clockwise  torsion  (in  the  right  horn  core)  and  probably  for- 
wardly recurved  at  the  tip,  though  none  is  preserved  in  the 
West  Turkana  sample.  The  horn  core  is  mediolaterally  com- 
pressed at  the  base  with  a flattened  lateral  surface  in  the 
proximal  portion.  Distally  the  horn  core  is  almost  circular 
in  transverse  section.  Ornamentation  is  principally  of  lon- 
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Bovine  specimen  lists  and  measurements. 


Syncerus  cf.  caffer 

Material  referred 

KNM-WT 

Specimen 

Site 

14621 

partial  R h/c 

NC2 

14622 

RM,  frag 

NCI 

Ugandax 

new  species 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16185 

h/c  frag  & max  frag  (RM2-3) 

KU2 

16176 

L md  frag  (dP4-M,) 

L05 

16180 

LM2-3 

L09 

14946A 

L max  frag  (M2-3) 

KK 

16183 

L M frag 

L09 

16152 

RM1 

L04 

16181 

R M frag 

L09 

16182 

rp4 

L09 

16184 

L md  frag  (M,_3) 

L03 

16508 

partial  calvaria  with  prox  h/c’s 

L08 

16175 

LM, 

L04 

Ugandax  new  species  cranial  measurements 

16508 


Width  post,  orbits  164 

Width  base  h/c’s  154 

L h/c  ap  42 

tr  69 

Width  occipital  condyles  89 

Width  post,  tuberosity  46 


Ugandax  new  species  dental  measurements 


16182 

16184  16176 

16175 

16180 

16183  16181  14946 A 

16152 

P4  ap 

16.5 

M'  ap 

28.1+  22.2 

25.4 

tr 

10.5 

tr 

17.1 

M,  ap 

23.2  25.2 

M2  ap 

36.0 

29.2  22.2 

tr 

16.8  11.6 

tr 

24.9 

14.2 

M,  ap 

26.7  28.5 

32.1  M3  ap 

32.7 

tr 

17.1 

tr 

20.5 

M3  ap 

32.7 

tr 

16.7 

Pelorovis  new  species 

Material  referred 

KNM-WT 

Specimen 

Site 

17519 

R & L h/c’s 

NY3 

17537 

R md  (M,_2) 

KS1 

Pelorovis  sp. 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14624 

h/c  frag 

KL6 

14628 

L M frag 

KL5 

14629 

L md  (P3-M2) 

KL6 

17480 

LM, 

NY2 

14889 

R md  frag  (M,_2) 

KL6 

14634 

R md  frag  (RM,J 

KL4 

14625 

L md  frag  (M3) 

KL3 

14627 

R max  frag  (P3-M2) 

KG 

14630 

R md  (P4-M3) 

KL6 

14696 

L md  frag  (P3^,) 

KG1 

14626 

RM,  frags 

KI2 

14632 

L astragalus 

KL1 

16050 

L M frag 

KL1 

14633 

L astragalus  & lunate 

KL1 

14631 

R M frag 

KL5 
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Bovine  specimen  lists  and  measurements  (continued). 


Pelorovis  sp.  dental  measurements 


14629 

14630 

14625 

14889 

P3  ap 

15.3 

tr 

1 1.9 

P4  ap 

16.3 

20.6 

tr 

13.8 

M,  ap 

22.9 

26.6 

25.8 

tr 

17.4 

16.8 

12.6 

M,  ap 

29.0 

28.9 

28.8 

tr 

18.2 

16.3 

M3  ap 

38.2 

45.9 

tr 

15.3 

17.2 

14634 

14696 

17480 

17537 

14627 

22.6  + 

19.2 

45.4 

37.8 

P3 

ap 

15.3 

11.4 

17.8 

17.3 

tr 

14.4 

25.1  + 

20.2 

36.7 

P4 

ap 

14.9 

16.8 

14.6 

15.5 

tr 

15.4 

M1  ap  22.0 

tr  20.7 

M2  ap  29.0 

tr  22.5 


Bovini  astragalus  measurements 


14633 

14632 

lat  It 

75 

73 

med  It 

72 

71 

tib  tr 

50 

49 

n/c  tr 

49 

50 

depth 

44 

43 

gitudinal  grooves  and  ridges  but  transverse  ribbing  is  super- 
imposed on  the  anterior  surface  of  some  horn  cores. 

Kobus  aff.  sigmoidalis/ellipsiprymnus 

A number  of  horn  cores  from  Kokiselei  (KS 1 ) are  clearly 
closely  related  to  waterbucks  but  are  appreciably  larger.  Iso- 
lated horn  cores  of  similar  size  and  shape  are  known  from 
the  eastern  side  of  the  lake  (e.g.,  KNM-ER  4999).  The  Ko- 
kiselei specimens  are  at  present  unprepared  and  are  covered 
with  concretionary  matrix.  They  vary  appreciably  in  size  and 
possibly  represent  more  than  one  species. 

The  best  preserved  specimen  (WT  17414)  has  a frontlet 
of  comparable  morphology  to  that  of  K.  ellipsiprymnus.  The 
base  of  the  right  horn  core  is  greatly  swollen  but  tapers  rapidly 
distally.  The  horn  core  has  a flattened  lateral  surface,  deep 
longitudinal  grooves  and  ridges,  and  a slight  indication  of 
transverse  ribbing  on  the  anterior  surface.  The  horn  core 
curves  backwards,  upwards,  and  outwards  at  its  base,  just  as 
in  K.  ellipsiprymnus,  and,  though  incomplete,  the  curvature 
is  such  as  to  suggest  that  the  middle  portions  of  the  horn 
cores  were  parallel  to  one  another. 

WT  17413  may  be  an  admixture  of  three  or  more  indi- 
viduals. One  portion,  a proximal  right  horn  core,  is  rather 
longer  than  WT  17414  and  tapers  less  rapidly  distally;  this, 
however,  may  be  an  artifact  of  its  larger  size  and  of  individual 
variation.  A proximal  left  horn  core  with  the  same  accession 
number  appears  even  more  massive  at  its  base.  Fragments 
of  the  middle  portion  of  the  horn  core  seem  to  be  virtually 
straight.  WT  17412  constitutes  fragments  of  a large  Kobus- 
like  horn  core  of  comparable  size  to  the  fragments  consti- 
tuting WT  17413. 

WT  17411  is  only  the  base  of  a left  horn  core  but  is  clearly 
a large  Kobus.  WT  17410  is  a smaller  specimen,  less  mas- 


sively inflated  at  its  base  than  17414  but  otherwise  similar 
in  shape.  WT  17409  is  a collection  of  horn  core  fragments, 
probably  of  Kobus  (smaller  end  of  size  range)  and  may  rep- 
resent more  than  one  individual. 

Kobus  oricornis  Gentry,  1985 

This  species  was  recently  described  by  Gentry  (1985)  from 
the  Shungura  Formation  where  it  is  evidently  restricted  to 
Member  B.  The  species  is  also  known  from  the  early  part  of 
the  Koobi  Fora  Formation  where,  as  at  West  Turkana,  it 
persists  in  horizons  that  postdate  Shungura  B.  So  far  only 
isolated  horn  cores  have  been  recovered  from  the  West  Tur- 
kana localities. 

A total  of  10  specimens  has  been  recorded  from  six  lo- 
calities in  the  Kataboi  and  Fomekwi  members.  The  most 
complete  representative  of  this  species  is  a left  horn  core, 
WT  16617,  from  F05.  The  horn  core  rises  above  and  behind 
the  orbit  and  ascends  steeply  upward  in  a virtually  straight 
line.  It  is  almost  circular  in  transverse  section  but  slightly 
flattened  anteroposteriorly  though  to  a lesser  extent  than  in 
Kobus  sp.  A (see  below).  The  horn  core,  which  must  have 
been  very  long,  tapers  only  gradually  toward  its  distal  ex- 
tremity. Its  surface  is  relatively  smooth  but  there  may  be 
some  longitudinal  ridging. 

Kobus  sp.  A 

Figures  39-41 

This  taxon  is  represented  by  two  specimens  from  the  lower 
part  of  the  Lomekwi  Member  (L04,  L05)  and  eight  from 
the  upper  portion  (LOl,  KU1,  KU2).  The  best  preserved 
horn  core  is  from  the  lower  Lomekwi  Member  (WT  16612 
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Figure  39.  KNM-WT  16612,  Kobus  sp.  A right  horn  core  from 
the  lower  Lomekwi  Member  at  L04;  anterior  view. 

from  L04)  and  is  also  one  of  the  smallest  representatives. 
One  specimen  of  comparable  small  size  has  been  recovered 
slightly  higher  in  the  sequence  (WT  16614  from  KU2)  al- 
though this  might  be  an  immature  individual.  The  remaining 
specimens  are  appreciably  larger,  possibly  representing  a dif- 
ferent species.  The  most  complete  individual  is  WT  16587 
from  LOl  which  includes  a mandible  and  associated  post- 
cranial  elements. 

WT  16612,  a right  hom  core,  originates  immediately  be- 
hind the  orbit.  There  is  a small  postcornual  fossa  below  the 
posterolateral  edge  of  the  hom  core  base.  The  hom  rises 
backwards,  upwards,  and  outwards,  diverging  continuously 
from  the  base  but  having  the  concave  profile  characteristic 
of  the  reduncines  and  thereby  differing  in  this  feature  from 
horn  cores  attributed  to  K.  oricornis.  The  horn  core  is  com- 
pressed anteroposteriorly  (which  in  effect,  because  of  the  horn 
core  orientation,  is  dorsoventrally  in  the  proximal  portion). 
The  compression  is  more  marked  in  the  proximal  portion. 
It  is  thus  similar  to,  though  more  pronounced  than,  K.  oh- 


■fir* 


Figure  40.  KNM-WT  16612,  Kobus  sp.  A right  horn  core;  medial 
view. 


cornis  in  this  feature,  which  distinguishes  these  two  species 
from  K.  sigmoidalis  and  K.  ancystrocera.  Longitudinal  ridges 
and  furrows  provide  ornamentation  on  the  proximal  portion 
of  the  anterior  surface  but  are  even  more  prominent  on  the 
posterior  surface. 

Kobus  sp.  B 

Four  hom  cores  from  the  middle  and  upper  part  of  the  Lo- 
mekwi Member  are  superficially  similar  to  those  of  K.  sig- 
moidalis  but  are  larger  and  lack  the  sigmoid  curvature  typical 
of  the  latter.  These  horn  cores,  here  identified  as  Kobus  sp. 
B,  are  slightly  compressed  mediolaterally  at  the  base,  curve 
upward,  outward,  and  backward  proximally  but  then  curve 
inward  distally,  the  curvature  being  uniform  and  with  no 
flexure.  There  must  have  been  slight  clockwise  torsion  in  the 
right  hom  core  (the  most  complete  specimen  — WT  16660, 
a left  horn  core  from  KU2  — shows  slight  anticlockwise  tor- 
sion). The  ornamentation  consists  of  prominent  longitudinal 
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Lokalalei  Member  (WT  16662A)  also  appear  to  belong  to 
this  species. 


Figure  41.  KNM-WT  16612,  Kobus  sp.  A right  horn  core;  lateral 
view. 


furrowing,  particularly  in  the  proximal  portion  of  the  anterior 
surface  and  on  the  posterior  surface. 


Kobus  Sp.  C 

Figures  42-44 

Three  horn  cores,  the  best  specimen  of  which  is  WT  16608 
from  L03  in  the  upper  Lomekwi  Member,  share  a combi- 
nation of  characters  shown  by  other  taxa  and  seem  to  deserve 
a separate  identity.  WT  16608  is  anteroposteriorly  flattened 
(like  Kobus  sp.  A)  but  the  curvature  of  the  horn  core  is  com- 
parable to  Kobus  sp.  B.  The  anteroposterior  compression  and 
well-developed  transverse  ridges  serve  to  distinguish  it  from 
the  latter,  even  though  it  is  of  comparable  size.  Distal  horn 
core  fragments  from  KU2  (WT  16665)  and  from  L08  in  the 


Kobus  sp.  D 

Figures  45-47 

This  specimen  consists  of  a single  right  horn  core,  WT  1 6607, 
from  KU2  in  the  upper  Lomekwi  Member.  The  horn  core 
is  rather  kob-like  but  more  widely  divergent.  It  has  transverse 
ribbing  on  the  anterior  surface  (like  Kobus  sp.  E)  but  is  me- 
diolaterally  compressed  with  a flattened  lateral  surface  (though 
this  compression  is  less  than  in  K.  sigmoidalis  or  K.  leche). 
The  horn  core  is  short,  relatively  massive,  and  oval  in  trans- 
verse section  (long  axis  oriented  anteromedially-postero- 
laterally).  It  curves  backwards,  upwards,  and  outwards  but 
begins  to  recurve  forward  in  its  distal  portion,  and  the  pos- 
terior surface  bears  prominent  longitudinal  grooves.  The 
specimen  has  an  anteroposterior  measurement  of  50  mm  at 
its  base,  a transverse  measurement  of  42  mm,  and  was  more 
than  160  mm  long. 

Another  specimen  apparently  belonging  to  the  same  species 
is  WT  16613,  right  and  left  horn  core  fragments  from  a 
slightly  older  horizon  at  L09,  which,  together  with  WT  1 6607, 
are  virtually  identical  to  an  unnamed  Kobus  species  from  the 
lower  portion  of  the  Koobi  Fora  sequence  (i.e.,  KNM-ER 
1606  from  Area  202).  The  horn  cores  from  West  Turkana, 
especially  WT  16607,  might  be  slightly  more  divergent.  WT 
16613  is  more  complete  distally  than  16607  and  recurves 
forward  towards  its  tip. 

Kobus  species  indeterminate 

Two  specimens  are  assigned  to  this  category.  WT  16660,  a 
proximal  right(?)  horn  core  from  KU2  in  the  upper  Lomekwi 
Member,  is  virtually  straight  but  is  ornamented  by  deep  and 
closely  spaced  longitudinal  grooves  with  faint  transverse  rib- 
bing on  the  anterior  surface.  It  differs  from  Kobus  oricornis 
specimens  by  virtue  of  its  smaller  size  (ap  36  mm,  tr  34  mm. 
It  130+  mm)  and  by  its  more  prominent  ornamentation. 

WT  16659,  another  proximal  horn  core  fragment  associ- 
ated with  WT  16660  at  KU2,  is  only  7 cm  long.  The  orna- 
mentation is  identical  to  that  of  WT  16660  but  the  specimen 
shows  a slightly  greater  distal  taper.  It  measures  ap  35  mm, 
tr  35  mm. 


Mene/ikia  Arambourg,  1 94 1 

Menelikia  lyrocera  Arambourg,  1941 

Figure  48 

This  species  has  been  previously  documented  from  the  Koobi 
Fora  and  Shungura  sequences.  A “typical”  form  with  long 
lyrate  horn  cores  occurs  in  the  middle  part  of  the  Shungura 
sequence  but  is  subsequently  replaced  by  a form  with  short 
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Figure  42.  KNM-WT  16608,  Kobus  sp.  C left  horn  core  from  the  upper  Lomekwi  Member  of  L03;  anterior  view. 


lyrate  horns  (Shungura  upper  Member  G,  upper  Burgi  Mem- 
ber), which  in  turn  is  replaced  by  a form  with  short,  straighter 
horn  cores  (Shungura  Members  H-K  and  KBS  Member). 
Gentry  (1985)  considers  these  to  be  part  of  a single  evolving 
lineage.  The  majority  of  the  West  Turkana  specimens  derive 
from  sites  equivalent  in  age  to  the  lower  part  of  Shungura 
Member  G and,  when  preserved  beyond  their  basal  portion, 
are  of  “typical”  aspect. 

Sixteen  specimens  attributable  to  M.  lyrocera  have  been 
recovered  from  West  Turkana,  1 4 from  the  Kalochoro  Mem- 
ber (KG  1 , KK,  LA  1 ),  one  from  the  subjacent  Lokalalei  Mem- 
ber (LG8),  and  a proximal  horn  core  of  comparable  mor- 
phology from  KL1  in  the  Natoo  Member.  These  horn  cores 
arise  behind  the  orbit  and  are  swollen  at  their  base  with  an 
oval  transverse  section  (long  axis  oriented  anteromedially- 
posterolaterally).  The  horn  cores  taper  rapidly  from  their  base 
but  more  gradually  in  their  distal  portion.  The  horn  core 
curves  backward  and  outward  in  its  proximal  portion,  curv- 
ing more  strongly  outward  in  its  medial  portion,  and  re- 
curving backward  and  upward  in  its  distal  portion;  the  overall 
effect  is  of  a wide  lyrate  shape.  There  is  distinct  anticlockwise 
torsion  in  the  right  horn  core.  The  main  ornamentation  is  of 
longitudinal  ridges  and  furrows  though  transverse  ribbing 
may  be  superimposed  on  the  massive  basal  portions.  There 


is  considerable  variation  among  individual  horn  cores,  some 
appearing  shorter  and  more  massive  while  others  are  longer 
and  more  slender. 

A lower  right  third  molar  associated  with  horn  core  WT 
14940  and  a large  reduncine  mandible,  both  from  KK,  may 
possibly  be  representative  of  this  species. 

Menelikia  sp.  (cf.  Gentry,  1985) 

Figures  49,  5 1 

From  lower  in  the  succession  come  horn  cores  with  medio- 
lateral  compression  comparable  to  that  found  in  Kobus  sig- 
moidalis  but  with  the  shape  and  torsion  suggestive  of  the 
stock  from  which  the  “typical”  Menelikia  lyrocera  horn  cores 
could  have  derived.  Similar  specimens  were  recorded  from 
the  lower  portion  of  the  Shungura  sequence  by  Gentry  (1985) 
who  referred  them  to  an  unnamed  species  of  Menelikia. 

Seven  horn  cores  of  Menelikia  sp.  were  collected  from  the 
upper  part  of  the  Lomekwi  Member  (LOl,  KU2)  and  two 
from  the  Lokalalei  Member  (LG7,  L08).  These  horn  cores 
arise  immediately  behind  the  orbit  and  are  greatly  com- 
pressed at  their  base,  the  long  axis  of  the  oval  transverse 
section  thus  formed  running  anteromedially-posterolateral- 
ly.  The  horn  cores  ascend  upward  and  outward  and  then 
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Figure  43.  KNM-WT  16608,  Kobus  sp.  C left  horn  core;  lateral 
view. 


backward,  but  toward  the  end  of  their  proximal  third  they 
taper  rapidly  while  undergoing  a nearly  quarter  circle  turn 
(anticlockwise  torsion  in  the  right  horn  core),  after  which 
they  diverge  more  laterally.  From  this  point  they  taper  grad- 
ually toward  their  distal  extremity  though  none  of  the  spec- 
imens has  its  tip  preserved.  All  horn  cores  of  this  taxon  show 
erosion  of  the  surface.  Though  relatively  smooth,  there  is 
longitudinal  ridging  and  some  specimens  show  faint  trans- 
verse ribbing. 

These  horn  cores  appear  to  be  a derived  form  of  another 
species  assigned  to  Menelikia  (Harris,  in  litt.)  from  the  early 
portion  of  the  Koobi  Fora  sequence  (Area  250).  These  in 
turn  can  be  derived  from  a species  that  C.L.  Smart  (in  litt.) 
identified  as  “ Antidorcas ” sp.  from  Lothagam. 

Reduncini  genus  and  species  indeterminate 

A number  of  reduncine  partial  dentitions  and  isolated  teeth 
have  been  recovered  from  West  Turkana  sites.  These  cannot 


Figure  44.  KNM-WT  16608,  Kobus  sp.  C left  horn  core;  ventral 
view. 


be  identified  beyond  the  tribal  level  but  can  be  divided  into 
three  discrete  size  groups  each  of  which  is  distributed 
throughout  the  succession. 

Tribe  Hippotragini 

Hippotragus  Sundevall,  1 846 

Hippotragus  gigas  Leakey,  1965 

A proximal  right  horn  core,  WT  17486  from  NY2  in  the 
Kaitio  Member,  is  a small  representative  of  H.  gigas  of  com- 
parable size  to  specimens  from  Koobi  Fora.  The  horn  core, 
which  is  mediolaterally  compressed  so  that  it  is  oval  in  trans- 
verse section,  is  inserted  uprightly  above  the  orbit  and  as- 
cends upward  then  curves  progressively  backward.  It  tapers 
only  gradually  in  its  proximal  two-thirds  but  more  markedly 
in  its  distal  portion.  The  tip  of  the  horn  core  is  missing.  There 
is  no  surface  ornamentation  to  the  horn  core  other  than 
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Figure  45.  KNM-WT  16607,  Kobus  sp.  D right  horn  core  from 
the  upper  Lomekwi  Member  at  KU2;  anterior  view. 


shallow  and  faint  longitudinal  grooves.  In  its  proximal  por- 
tion the  horn  core  measures  51  mm  x 43  mm. 

Oryx  Blainville,  1816 

Oryx  sp. 

One  specimen  from  LOl  in  the  upper  Lomekwi  Member,  a 
proximal  left  horn  core  WT  16178,  belongs  to  an  oryx-like 
hippotragine.  This  horn  core  fragment,  which  has  a circular 
transverse  section,  is  superficially  similar  to  other  incomplete 
specimens  attributed  to  Kobus  oricornis.  Unlike  specimens 
of  the  latter  species,  however,  WT  16178  has  a moderately 
large  basal  sinus  but  lacks  the  slight  anteroposterior  compres- 
sion in  its  proximal  portion.  Its  anteroposterior  and  trans- 
verse diameters  each  measure  38  mm.  A species  of  Oryx  is 
represented  by  horn  cores  from  Shungura  Members  C and 
G and  from  the  upper  Burgi  and  KBS  members.  The  scarcity 


Figure  46.  KNM-WT  16613,  Kobus  sp.  D left  horn  core  from  the 
middle  Lomekwi  Member  at  L09;  anterior  view. 

of  fossil  Oryx  in  the  Lake  T urkana  Basin  is  in  marked  contrast 
to  their  abundance  there  today. 

Hippotragini  genus  and  species  indeterminate 

The  sole  hippotragine  dentition  comprises  a right  mandibular 
ramus  fragment  with  M,_3  from  L05  in  the  lower  part  of  the 
Lomekwi  Member.  The  teeth  have  rounded  lobes  and  small 
goat  folds  but  may  be  distinguished  from  alcelaphine  teeth 
by  the  presence  of  small  external  pillars.  M,  measures  25.7 
mm  x 12.6  mm  and  M3  32.5  mm  x 10.9  mm. 

Tribe  Alcelaphini 

Damaliscus  Sclater  & Thomas,  1894 
Damaliscus  sp(p). 

A total  of  1 1 Damaliscus  horn  cores  has  been  retrieved  from 
eight  sites  in  the  Lomekwi,  Kaitio,  and  Natoo  members. 
These  horn  cores  were  inserted  immediately  above  and  be- 
hind the  orbits.  Their  base  is  mediolaterally  compressed  and 
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Reduncine  specimen  lists  and  measurements. 


Kobus  ellipsiprymnus  (Ogilby,  1833) 
Material  referred 


KNM-WT 

Specimen 

Site 

14727 

prox  L h/c 

NCI 

Kobus  cf.  K.  leche  Gray,  1850 

Material  referred 

KNM-WT 

Specimen 

Site 

14730 

prox  R h/c 

NC3 

Kobus  cf.  kob 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16069 

prox  R & L h/c’s 

KL1 

14729 

prox  R h/c 

KL1 

14734 

prox  L h/c 

KL1 

14724 

frag  L h/c 

NT 

14728 

prox  L h/c 

KL1 

14698 

dist  h/c  frag 

KL1 

16075 

dist  h/c 

KL1 

14726 

dist  h/c 

KL1 

Kobus  cf.  kob  horn  core  measurements 

16069 

14729 

16069 

14734 

14721 

R h/c  ap  5 1 

44 

L h/c  ap  52 

41 

39 

tr  42 

37 

tr  44 

37 

38 

Kobus  sigmoidalis  Arambourg,  1 94 1 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16675 

prox  R h/c 

L04 

16667 

prox  L h/c 

L08 

16469 

L h/c  & prox  R h/c 

LOl 

16460 

prox  R h/c 

KU3 

16672 

R h/c 

LOl 

16466 

R & L h/c  frags 

L07 

16459C 

prox  R h/c 

KU2 

16662 

prox  L h/c 

L08 

16459 

prox  L & R h/c’s 

KU2 

16669 

R h/c 

L08 

16671 

R h/c  frags 

LOl 

16650 

prox  R & L h/c’s 

L08 

16670 

prox  R h/c 

L08 

16668 

prox  L h/c  & R h/c  frag 

L08 

16464 

prox  L h/c  & R h/c  frags 

KU2 

14732 

L h/c  frag 

LK3 

16674 

cranium  with  R & L h/c’s 

KU2 

16673 

R h/c  frag 

L09 

16676 

R h/c  & prox  L h/c 

KU3 

Kobus  sigmoidalis 

horn  core  measurements 

16675  16672  16459A  16459 

16670 

16676  16460 

16669 

16674 

R h/c  ap 

46  53  51 

46 

54 

51 

48 

55 

50 

tr 

35  35  40 

35 

38 

41 

34 

37 

42 

It 

240  + 

270  + 

16459  16464  16677  16676 

16466 

16650  16668 

L h/c  ap 

42  40  45 

46 

44 

48 

50 

tr 

36  34  30 

39 

31 

34 

40 

Kobus  sigmoidalis  dental  measurements 
16674R 


dPJ  ap 

13.1 

tr 

12.6  + 

M1  ap 

18.0 

tr 

13.7 

M2  ap 

19.6 

tr 

14.5 

M3  ap 

19.3 

tr 

11.7 
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Reduncine  specimen  lists  and  measurements  (continued). 


Kobus  aff.  sigmoidalis/ellipsiprymnus 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

17409 

h/c  frags 

KS1 

17412 

h/c  frags 

KS1 

17410 

prox  L h/c 

KS1 

17413 

h/c  frags 

KS1 

1741 1 

prox  L h/c 

KS1 

17414 

frontlet  & prox  R h/c 

KS1 

Kobus  ellipsiprymnus/sigmoidalis  horn  core  measurements 

17414 

17413  17412 

17409 

R h/c  ap 

77 

86  67 

60 

tr 

64 

59+  64 

55 

17410 

17411  17413 

17412 

L h/c  ap 

67 

69  86 

66 

tr 

50 

60  72 

58 

Kobus  oricornis  Gentry,  1 985 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16617 

L h/c 

L05 

16653 

prox  L h/c 

LOl 

16610 

prox  L h/c 

NS1 

16651 

prox  R & L h/c's 

KU2 

16602 

prox  R h/c 

L04 

16652 

L?  h/c  frags 

LOl 

16604 

prox  L h/c 

L03 

16661 

prox  R h/c 

LOl 

16606 

prox  L h/c  frag 

KU2 

1 6666 

prox  L h/c 

LOl 

Kobus  oricornis  horn  core  measurements 

16617 

16610  16604 

1653  16606 

16666  16652 

16678 

16602 

16661 

L h/c  ap 

40 

41  40 

39  42 

39 

44  R h/c  ap 

40 

39 

tr 

45 

50  45 

36  42 

40  44 

50  tr 

44 

42 

It 

190  + 

270  + 

Kobus  sp.  A 

Material 

Materia! 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16612 

R h/c 

L04 

16663 

prox  R h/c 

LOl 

16664 

prox  R h/c 

L05 

16657 

prox  L h/c 

LOl 

16614 

frontlet  with  R & L h/c’s 

KU2 

16601 

L h/c  frags 

KU1 

16605 

prox  L h/c 

KU1 

16587 

L h/c,  frags  R h/c,  L md  (P4-M,)  & associ- 

LOl 

ated  pc  frags 

Kobus  sp.  A 

horn  core  measurements 

16612  16663 

16614 

16605 

16601  16657  16664  16616 

16587 

R h/c  ap 

35 

34 

L h/c  ap 

49 

50  43  38  32 

51 

tr 

42  44 

43 

tr 

61 

54  54  46  39 

58 

It 

205  + 

255  + 

It 

225  + 

Kobus  sp.  A dental  measurements 
16587 

P4  ap  13.3 

tr  8.8 

M,  ap  16.0 

tr 

Vi  ap  19.9 

tr  11.8 

M3  ap  26.1 

tr  10.3 
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Reduncine  specimen  lists  and  measurements  (continued). 


Kobus  sp.  B 


Material  referred 


KNM-WT 

Specimen 

Site 

16660 

L h/c 

KU2 

16615 

prox  R h/c  frag 

L02 

16603 

prox  L h/c  frag 

(KU2) 

16611 

R h/c  frags 

L09 

Kobus  sp.  B horn  core  measurements 


16600  16603 

L h/c  ap  49  49 

tr  45  42 

It  360  + 


Material  referred 


Kobus  sp.  C 


KNM-WT  Specimen 

16608  Lh/c 

16665  dist  h/c  frags  & assoc  md  frag  (RM,) 

1 6662A  dist  h/c  frag 


Site 

L03 

KU2 

L08 


Kobus  sp.  C horn  core  and  dental  measurements 
16608  16665 

L h/c  ap  46  M,  ap  24. 1 

tr  52  tr  10.3 

It  330  + 


Material  referred 


Kobus  sp.  D 


KNM-WT 

Specimen 

Site 

16607 

R h/c 

KU2 

16613 

R & L h/c  frags 

L09 

Kobus  sp.  indet. 

Material  referred 

KNM-WT 

Specimen 

Site 

16660 

prox  h/c  (R?) 

KU2 

16659 

prox  h/c 

KU2 

Menelikia  lyrocera  Arambourg,  1 94 1 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14939 

frontlet  with  h/c’s 

KK 

14940 

calvaria  frag  with  L h/c 

KK 

16068 

prox  L h/c 

KL1 

14947 

dist  h/c  frag 

KG 

14946 

R & prox  L h/c’s 

KK 

14945 

prox  L h/c 

KG 

14951 

prox  R h/c 

KK 

14948 

dist  h/c  frag 

KG 

14950 

R & L h/c  frags 

KK 

14952 

L h/c 

KG1 

14949 

L h/c  frags 

KK 

14954 

R & L h/c  frags 

KG 

16420 

prox  R h/c 

LAI 

16247 

prox  R h/c 

L08 

14953 

prox  R & L h/c’s 

KK 

14719 

weathered  h/c 

KG1 

Menelikia  Ivrocera  horn  core  measurements 


16247 

14953 

14942 

16420 

R h/c 

ap 

43 

45 

56 

46 

tr 

43 

40 

46 

43 

It 

250+ 

14952 

14945 

14940 

14953 

L h/c 

ap 

50 

48 

58 

43 

tr 

48 

39  + 

52 

42 

It 

230  + 

14939 

14950 

14946 

52 

59 

54 

40 

45 

250+ 

245  + 

14942 

14949 

14939 

16068 

14946 

55 

45 

53 

52 

48 

46 

43 

45 

40 

43 
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Reduncine  specimen  lists  and  measurements  (continued). 


Menelikia  lyrocera  dental 

measurements 

14955 

14940A 

M,  ap 

18.4 

tr 

9.7 

M,  ap 

22.4 

ir 

9.5 

Mj  ap 

28.7 

tr 

11.6 

Menelikia  sp.  (cf.  Gentry,  1985) 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16465 

R & L h/c’s 

LOl 

16654 

prox  R h/c 

L08 

16468 

L h/c 

LOl 

16658 

R h/c  frags 

KU2 

16463 

L h/c  frag 

L07 

16461 

prox  R h/c 

KU2 

16467 

prox  L & R h/c’s 

LOl 

16609 

prox  L & R h/c’s 

LOl 

16462 

L h/c 

LOl 

16465 

16467 

Menelikia  sp.  horn  core  measurements 
16658  16609 

16465 

16468 

16467 

16462 

R h/c  ap 

55 

51 

50  + 

54  L h/c  ap 

55 

43 

47 

53 

tr 

43 

39 

39 

42  tr 

45 

42 

39 

39 

It 

250  + 

295  + 

Reduncini  large  size  group 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14955 

R md  (P4-M3) 

KK 

14720 

R md  (dP,-M,) 

LK1 

14695 

L md  (P,-M3) 

LK1 

16165 

R md  frag  (M,_3) 

LOl 

16148 

L md  frag  (M,_3) 

KU1 

14699 

LM3  frag 

NCI 

Reduncini  large  dentition  measurements 


14720 

14695 

16148 

16165 

dP,  ap 

9.0 

tr 

5.2 

dP,  ap 

14.0 

tr 

7.1 

dP4  ap 

22.2 

tr 

9.6 

P3  ap 

12.9 

tr 

8.6 

P4  ap 

12.8 

tr 

9.7 

M,  ap 

20.8 

19.0 

tr 

9.1 

13.3 

M,  ap 

24.1 

25.5 

21.9 

tr 

14.0 

14.9 

12.9 

M,  ap 

30.1 

34.1 

32.5 

tr 

11.8 

14.1 

11.6 
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Reduncine  specimen  lists  and  measurements  (continued). 


Reduncini  medium  size  group 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14731 

L max  frag  (dPJ-M2) 

NCI 

16135 

L md  frag  (M,_3) 

L05 

16128 

L max  frag  (M2-3) 

L05 

14714 

L md  (Mu3) 

KL3 

16143 

RM-,  RM’  frag 

LOl 

14725 

L md  frag  (M,_3) 

KL2 

14723 

L max  frag  (M2-3) 

KK 

14718 

R md  frag  (P3-M,) 

KG1 

16144 

LM2 

LOl 

16132 

R md  frag  (M,_3) 

KU2 

16137 

LP4-M' 

L09 

16151 

R md  frag  (M„  M,) 

LOl 

16142 

L max  frag  (P4-M') 

LOl 

14741 

R md  frag  (M2_3) 

KG 

16129 

M frags 

KU3 

16141 

L md  frag  (M,) 

L02 

14712 

LM2 

KI2 

14697 

LM, 

NCI 

16130 

RM1,  LM2,  LM3 

LAI 

16149 

L md  frag  (dP4-M3) 

KU1 

16136 

R md  frag  (M3) 

KU2 

16146 

R md  frag  (M3) 

L09 

16395B 

L md  frag  (P,^) 

L05 

14711 

L md  frag  (M,_3) 

KG1 

14721 

R md  frag  (P,-M,) 

KK 

14737 

RM,  frag 

KL6 

14736 

R md  frag  (M,) 

KG 

14739 

RM,  frag 

KK 

16140 

L md  frag  (P4,  M,) 

L04 

16167 

RM  frag 

LAI 

16164 

L md  frag  (M3) 

LOl 

16147 

lm,_3 

LAI 

16145 

R md  frag  (M,_,) 

LOl 

14739B 

LM,  frag 

KK 

14717 

L md  frag  (M3) 

KL6 

17505 

RM, 

KI2 

16133 

L md  frag  (M2_3) 

L09 

17538 

R md  (M,_3) 

KS1 

Reduncini  medium  dentition  measurements 

16137 

16143 

16128 

14731 

14723 

16144 

16142 

14742 

16130 

dP4 

ap 

15.2 

tr 

14.8 

P4 

ap 

12.3 

12.5 

tr 

13.5 

12.8 

M1 

ap 

18.4 

16.4 

16.2 

tr 

16.4 

16.8 

15.8 

M2 

ap 

20.0 

19.0 

21.9 

19.2 

19.7 

20.5 

19.2 

tr 

13.7 

16.8 

16.6 

16.3 

14.5 

16.2 

12.9 

M3 

ap 

— 

22.2 

22.0 

17.4 

tr 

15.1 

14.5 

14.7 

11.8 

16145 

14721 

16395B 

16136 

16133 

14717 

16164 

16140 

14718 

14725 

14714 

16135 

P3 

ap 

1 1.0 

1 1.4 

tr 

9.0 

7.9 

P4 

ap 

13.4 

11.1 

13.0 

13.3 

tr 

8.8 

8.4 

7.0 

8.8 

M, 

ap 

15.2 

14.1 

17.5 

16.4 

tr 

10.5 

11.8 

13.0 

8.2 

M, 

ap 

18.5 

18.9 

21.2 

19.1 

19.0 

tr 

11.5 

1 1.4 

11.0 

14.7 

8.2 

M, 

ap 

26.6 

25.3 

26.7 

27.1 

24.6 

24.5 

25.1 

27.0 

24.8 

tr 

10.6 

10.7 

10.8 

10.3 

9.3  + 

9.5 

9.4 

10.9 

7.8 

14711 

16141 

14741 

16151 

16132 

14697 

16149 

16146 

16147 

14735B 

17505 

17530 

P4 

ap 

tr 

M, 

ap 

13.7 

18.6 

19.3 

tr 

10.2 

9.7 

9.3 

M, 

ap 

21.6 

19.0 

19.3 

17.4 

22.6 

20.7 

21.5 

19.6 

21.7 

tr 

9.0 

9.4 

11.3 

10.7 

10.6 

9.2 

9.7 

8.0 

11.5 

m3 

ap 

— 

30.6 

26.2 

27.5 

25.5 

27.7 

— 

— 

tr 

8.7 

1 1.7 

10.1 

11.0 

8.3 

11.2 

9.7 

12.9 
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Rediincine  specimen  lists  and  measurements  (continued). 


Reduncim  small  size  group 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16139 

LM1'2 

L04 

16131 

L md  frag  (M,) 

KU2 

14738 

LM1'2 

NC2 

14733 

lm1/2 

KL6 

14715 

L md  (M,^3) 

KG2 

16138 

L md  frag  (M,) 

L05 

16150 

R md  frag  (M  ,_2) 

LOl 

16173 

md  frags  (LdP2_„  RdP3-M,) 

L05 

14722 

R md  frag  (M,_3) 

KL1 

17521 

R md  frag  (M.) 

KS1 

16134 

RM,  frag 

L04 

Small  reduncine  dentition  measurements 

14738 

16139 

16173L 

17173R 

M1 

14.6 

dP2 

ap  4.8 

1 1.2 

tr  3.0 

M2  ap 

17.7 

dP3 

ap  10.7 

1 1.2 

tr 

12.8 

tr  5.6 

5.2 

ap 

dP4 

ap  20.7 

19.2 

tr 

tr  7.2 

6.7 

14715 

16150 

14722 

16131 

14733 

16138 

17521 

M,  ap 

13.4 

tr 

9.9 

M,  ap 

16.4 

16.8 

15.1 

16.4 

16.5  + 

12.3 

tr 

7.6 

10.1 

9.7 

7.8 

7.5 

7.1 

M,  ap 

19.0 

21.6 

23.2 

tr 

6.7 

8.7 

7.2 

is  irregularly  oval  in  transverse  section,  with  the  postero- 
lateral corner  projecting  farther  posteriorly.  The  horn  core 
ornamentation  varies  from  smooth  to  longitudinal  ridging 
and  two  specimens,  WT  16422  and  16421  from  LOl  in  the 
upper  part  of  the  Lomekwi  Member,  have  prominent  trans- 
verse ridges  on  their  anterior  surface.  The  horn  cores  ascend 
upward  and  slightly  outward  in  their  proximal  third,  then 
curve  backward,  and  probably  recurve  upward  toward  their 
distal  extremity.  The  horn  cores  possess  large  basal  sinuses. 
It  is  conceivable  that  more  than  one  species  is  represented 
among  the  specimens  grouped  here  although  this  cannot  be 
confirmed  on  the  material  currently  available.  The  sample 
falls  within  the  range  of  variation  exhibited  by  a new  un- 
named species  of  Damaliscus  from  the  upper  part  of  the 
Koobi  Fora  Formation. 

Parmularius  Sclater  & Thomas,  1894 
Parmularius  sp. 

WT  16623,  right  and  left  horn  cores  from  L05  in  the  lower 
part  of  the  Lomekwi  Member,  are  superficially  similar  to 
those  of  Aepvceros  shungurae.  These  horn  cores  are  elongate 
and  slender  and  have  a large  basal  sinus.  Although  of  com- 
parable size  and  shape  to  A.  shungurae,  they  have  only  a 


faint  lyrate  curvature  and  lack  the  transverse  ribbing  typical 
of  many  impala  horn  cores.  The  horn  cores  are  mediolaterally 
compressed  at  their  base  and  are  almost  triangular  in  trans- 
verse section  because  of  the  posterolaterally  protruding  ex- 
pansion of  the  horn  core  base  (very  similar  to  that  seen  in 
species  of  Damaliscus).  Although  not  attached  to  a frontlet, 
the  horn  cores  appear  to  have  curved  upward  and  slightly 
outward  proximally,  curving  posteriorly  in  their  distal  por- 
tion. The  horn  cores  are  much  more  slender  than  those  at- 
tributed to  Damaliscus  and  are  not  dissimilar  in  shape  to 
those  of  Damaliscus  agelaius  or  Parmularius  altidens. 

The  left  horn  core  measures  40  mm  x 35  mm  at  its  base 
and  would  have  been  longer  than  210  mm. 

Connochaetes  Lichtenstein,  1814 

Connochaetes  new  species 

Figures  51-56 

The  most  complete  specimen  is  WT  14525,  a calvaria  with 
horn  cores  from  KL3  in  the  Kaitio  Member.  The  supraorbital 
and  postorbital  regions  are  very  broad  and  closely  compa- 
rable in  shape  to  those  of  a more  complete  cranium  of  similar 
geologic  age  from  Koobi  Fora  (KNM-ER  287).  The  orbital 
region  constitutes  the  widest  portion  of  the  cranium.  Behind 
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Figure  47.  KNM-WT  16613,  Kobus  sp.  D left  horn  core;  lateral 
view. 


the  orbits  the  frontal  is  constricted  as  it  extends  posteriorly 
toward  the  horn  core  bases.  The  dorsal  surface  of  the  cranial 
vault  in  the  parietal  region  is  even  narrower  and  slopes  down- 
ward to  the  nuchal  crest.  The  occipital  region  is  identical  to 
that  of  the  Koobi  Fora  cranium  but  less  well  preserved.  Only 
the  basioccipital  is  preserved  on  the  ventral  surface  of  the 
specimen  (i.e.,  the  paroccipital  processes  are  broken  off  at 
their  bases  and  the  auditory  bullae  are  missing). 

The  horn  cores  are  broad  at  their  base  and  oval  in  trans- 
verse section  with  the  longest  axis  directed  mediolaterally. 
They  rise  backward  and  upward  in  their  proximal  portion 
and  a distinct  keel  is  produced  on  the  medial  surface,  with 
a slight  concavity  immediately  behind  the  keel.  The  horn 
core  is  then  flexed  laterally  with  slight  anticlockwise  torsion 
on  the  right  horn  core.  At  this  point  the  horn  core  is  oval, 
flattened  dorsoventrally,  in  transverse  section,  and  with  a 
slight  keel  on  the  posterior  margin.  The  distal  third  of  the 
horn  core  curves  upward  to  terminate  in  a pointed  tip  and 
is  more  nearly  rounded  in  transverse  section  though  slightly 
flattened  mediolaterally.  The  horns  are  generally  more  slen- 


der than  those  of  the  Koobi  Fora  specimen  but  are  clearly 
conspecific.  Perhaps  the  West  Turkana  specimen  is  a female. 

WT  16060,  a frontlet  with  a proximal  left  horn  core  from 
KL1  in  the  Natoo  Member,  appears  to  be  an  immature  Con- 
nochaetes.  The  horn  core,  arising  just  behind  the  orbit,  is 
dorsoventrally  flattened  and  curves  backward  and  outward 
in  the  plane  of  the  cranial  vault.  The  tip  of  the  horn  core  is 
missing  but  at  the  point  of  breakage  the  horn  core  appears 
to  begin  an  upward  curve.  Another  specimen  from  KL1  — 
WT  17510  — though  fragmentary  confirms  the  presence  of 
Connochaetes  new  species  at  this  locality. 

Two  specimens  of  Connochaetes  were  recorded  from  Shun- 
gura  Member  G (Gentry,  1985)  but  these  lack  keels  and  may 
represent  a different  species. 

Connochaetes  sp. 

Two  proximal  horn  cores  have  been  collected  from  KU2  in 
the  upper  Lomekwi  Member,  WT  16427,  a proximal  right 
horn  core,  and  16424,  a proximal  left  horn  core.  These  differ 
from  Connochaetes  new  species  from  later  in  the  West  Tur- 
kana sequence  and  from  Koobi  Fora  because  they  extend 
directly  outward  from  their  base  rather  than,  as  in  the  younger 
specimens,  extending  backward  and  then  outward.  Although 
their  basal  diameter  is  comparable,  or  slightly  smaller,  than 
the  specimen  from  KL3,  the  proximal  (outwardly  directed) 
portion  of  the  KU2  horn  cores  is  considerably  more  robust. 
Though  incomplete,  they  too  show  slight  torsion  (again, 
clockwise  in  the  right  horn  core)  and  appear  to  flex  upward 
distally. 

Alcelaphini  Teeth 

The  West  Turkana  alcelaphine  dentitions  may  be  subdivided 
into  three  size  groups.  The  largest  size  group,  2 1 specimens 
representing  all  members  except  the  Lonyumun,  Kataboi, 
and  upper  Lomekwi,  includes  teeth  that  are  larger  than  those 
of  the  extant  wildebeest  and  are  of  comparable  size  to  those 
of  the  large  extinct  alcelaphine  Megalotragns  van  Hoepen, 
1932.  The  medium  size  group,  32  specimens  from  the  Lo- 
mekwi and  all  younger  members,  are  teeth  of  comparable 
size  to  those  of  the  extant  wildebeest  and  conceivably  rep- 
resent extinct  Connochaetes  species.  The  small  size  group 
includes  some  specimens  that  possessed  lower  second  pre- 
molars and  others  that,  like  most  alcelaphines,  had  lost  this 
tooth.  Some  of  the  small  size  group  (46  specimens  from  the 
Lomekwi,  Kalochoro,  Kaitio,  Natoo,  and  Nariokotome 
members)  probably  belonged  to  species  of  Parmularius. 

Aepyceros  Sundevall,  1747 

Impalas  are  among  the  commonest  bovids  from  the  West 
Turkana  sequence.  Three  relatively  easily  distinguishable 
forms  are  recognized  here;  an  unnamed  species  of  Aepyceros 
from  the  upper  Kataboi  Member  at  Loruth  Kaado;  Aepyceros 
shungurae  from  elsewhere  in  the  lower  portion  of  the  succes- 
sion and  A.  cf.  melampus  in  the  upper  portion.  All  three 
species  have  lyrate  horn  cores  that  arise  immediately  above 
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and  behind  the  orbits  and  are  inserted  on  pedicels  that  have 
extensive  basal  sinuses,  are  compressed  mediolaterally  in 
their  basal  portion,  have  their  anterior  surfaces  ornamented 
with  transverse  ridges,  and  have  a postcornual  fossa  located 
at  the  posterolateral  corner  of  the  pedicel. 

The  features  of  the  horn  cores  here  used  to  separate  the 
two  common  species— length,  thickness,  and  degree  of  di- 
vergence and  of  lyration  — are,  as  pointed  out  by  Gentry 
(1985),  all  characters  that  display  great  regional  variation  in 
modem  impalas  and  were  therefore  not  used  in  his  diagnosis 
of  A.  shungurae  from  the  Omo  succession.  Nevertheless  they 
conveniently  serve  to  distinguish  the  morphs  from  the  upper 
and  lower  portions  of  the  West  Turkana  sequence.  In  the 
larger  Omo  sample  studied  by  Gentry,  he  arbitrarily  assigns 
all  specimens  from  upper  Member  G and  older  horizons  to 
A.  shungurae  (Gentry,  1985:173).  At  Koobi  Fora  and  in  the 
West  Turkana  succession  there  is  an  appreciable  gap  in  the 
fossiliferous  sequence  immediately  underlying  strata  equiv- 
alent to  Shungura  Member  G and  at  both  localities  this  gap, 
perhaps  fortuitously,  coincides  with  differences  seen  in  the 
morphology  of  the  Aepyceros  hom  cores. 

Aepyceros  melampus  (Lichtenstein,  1812) 
Aepyceros  cf.  A.  melampus 

The  extant  impala,  or  a form  very  closely  similar  to  it,  is 
known  from  23  specimens  from  10  sites  in  the  Kalochoro 


and  superjacent  members  but  is  particular  abundant  in  the 
Kaitio  Member.  The  oldest  recognized  specimen  is  from  LA  1 . 
In  these  specimens,  which  tend  to  be  larger  than  those  of  A. 
shungurae,  the  horn  cores  are  relatively  more  transversely 
oriented  and  diverge  more  widely  in  their  proximal  portion, 
resulting  in  a more  exaggerated  lyrate  shape.  The  horn  cores 
are  usually  longer,  stouter,  and  more  robust  than  those  found 
lower  in  the  succession.  Impalas  were  reported  to  be  living 
near  Lokori,  southwest  of  Lake  Turkana  in  the  Kerio  Valley, 
nearly  two  decades  ago  by  Coe  (1972)  and  were  documented 
on  Kulal,  to  the  southeast  of  the  lake,  by  Stewart  and  Stewart 
( 1 963)  but  are  not  usually  seen  elsewhere  in  the  Lake  Turkana 
Basin. 

Aepyceros  shungurae  Gentry,  1985 

Aepyceros  shungurae  is  represented  by  58  specimens  from 
the  Lomekwi,  and  Lokalalei  members,  but  is  particularly 
abundant  at  LG4  and  LG5  in  the  lower  part  of  the  Lomekwi 
Member.  This  species,  common  in  the  lower  portion  of  the 
Shungura  sequence,  has  hom  cores  that  are  smaller  and  more 
gracile  than  the  extant  species.  The  base  of  the  hom  core  has 
an  oval  transverse  section  that  is  aligned  anteromedially- 
posterolaterally.  The  hom  core  rises  upward,  backward,  and 
outward  from  the  base  in  its  proximal  third  but  is  far  less 
laterally  divergent  than  the  later  or  modern  form.  The  hom 
core  then  curves  medially  so  that  the  middle  third  of  the 
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Figure  49.  KNM-WT  1 6465,  Menelikia  sp.  frontlet  with  right  and 
left  horn  cores  from  the  upper  Lomekwi  Member  at  LOl;  anterior 
view. 

horn  core  is  oriented  more  or  less  parallel  with  its  fellow. 
The  distal  third  of  the  horn  core  curves  upward  and  slightly 
inward  so  that  the  overall  shape  of  the  horn  core  is  a narrow 
lyrate  one.  Transverse  ridges  are  variably  developed  on  the 
anterior  surface  in  all  but  the  distal  fourth  of  the  horn  core. 
The  posterior  surface  is  ornamented  by  longitudinal  ridges 
and  grooves.  There  is  slight  clockwise  torsion  upward  in  the 
right  horn  core. 

Aepyceros  sp. 

Left  horn  core  WT  14932,  from  LK1  in  the  Kaito  Member, 
is  considerably  larger  than  the  slightly  younger  specimens  of 
A.  shungurae  from  Lomekwi  Member  localities.  In  this,  and 
other  specimens  from  LK1  and  LK2,  the  long  axis  of  the 
horn  core  base  is  more  transversely  oriented  and  diverges 
more  laterally  and  less  posteriorly  from  the  base.  These  spec- 
imens bear  a closer  resemblance  to  A.  melampus  than  to  A. 
shungurae  but  are  perhaps  even  closer  in  size  and  morphol- 
ogy to  an  as  yet  unnamed  species  of  Aepyceros  from  Loth- 
agam.  They  are  evidently  not  closely  related  to  a new  species 


Figure  50.  KNM-WT  16465,  Menelikia  sp.  left  horn  core;  lateral 
view. 

of  Aepyceros  described  by  Gentry  (1985:183)  from  the  Omo 
Mursi  Formation  and  from  Karmosit  in  Kenya. 

Tribe  Antilopini 

Antidorcas  Sundevall,  1847 

Antidorcas  recki  ( Schwartz,  1932) 

Antidorcas,  the  genus  that  includes  the  extant  South  African 
springbok,  is  represented  at  West  Turkana  by  six  horn  cores 
from  the  Lomekwi,  Kalochoro,  and  Kaitio  members.  These, 
like  others  known  from  Olduvai  and  Koobi  Fora,  vary  con- 
siderably in  shape.  WT  16249,  a proximal  right  horn  core 
from  L09  in  the  Lomekwi  Member,  is  quite  broad  at  its 
base,  has  distinct  anticlockwise  torsion,  and  the  tip,  though 
missing,  conceivably  curved  upward  in  its  distal  portion. 
Four  specimens— WT  14605,  14604,  14616,  and  14617  — 
from  the  Kalochoro  Member  are  more  mediolaterally  com- 
pressed and  show  less  torsion.  WT  14612  from  KL3  in  the 
Kaitio  Member  is  by  far  the  broadest  and  there  is  a slight 
keel  on  its  medial  surface.  A number  of  incomplete  dentitions 
from  the  Lomekwi  and  Kalochoro  members  are  attributed 
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Figure  51.  KNM-WT  14525,  Connochaetes  new  species  calvarium  and  left  horn  core  from  the  Kaitio  Member  at  KL3;  dorsal  view. 
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Figure  52.  KNM-WT  14525,  Connochaetes  new  species  calvarium  and  left  horn  core;  left  lateral  view. 
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Figure  53.  KNM-WT  14525,  Connochaetes  new  species  calvarium  and  left  horn  core;  ventral  view. 


Figure  54.  KNM-WT  14525,  Connochaetes  new  species  right  horn  core;  anterior  view. 
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Figure  55.  KNM-WT  14525,  Connochaetes  new  species  right  horn  core;  dorsal  view. 
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Figure  56.  KNM-WT  14525,  Connochaetes  new  species  right  horn  core;  posterior  view. 
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Alcelaphine  specimen  lists  and  measurements. 


Damaliscus  Sclater  & Thomas,  1894 
Damaliscus  sp(p). 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16421 

prox  R h/c 

LOl 

16426 

prox  R h/c 

LOS 

16422 

prox  & distal  R h/c 

LOl 

14602 

prox  L h/c 

LK3 

16425 

prox  R h/c 

L04 

17417 

prox  R h/c 

NY3 

16423 

prox  R h/c 

LOl 

17416 

R & L h/c  frags 

KS1 

14572 

prox  R h/c 

KL6 

17447 

frontlet  with  prox  h/c’s 

NY3 

16599 

prox  R h/c 

L03 

Damaliscus  sp. 

horn  core  measurements 

16421 

16422 

16423 

16425 

16426 

14572  14602 

16599 

Prox  R h/c  ap  53 

50  + 

52 

54 

57 

59  50 

39  + 

tr  41 

41 

38 

47 

44 

48  45 

40 

Pannularius  Sclater  & Thomas,  1894 
Parmularius  sp. 

Material  referred 

KNM-WT  Specimen  Site 

16623  R&Lh/c’s  L05 


Connochaetes  new  species 

Material  referred 


KNM-WT 

Specimen 

Site 

14525 

calvaria  with  h/c’s 

KL3 

16060 

frontlet  with  prox  L h/c 

KL1 

17510 

h/c  frags 

KL1 

Connochaetes  new  species  cranial  measurements 

14525  16060 


Width  post  orbits  172* 

Width  h/c  bases  170 

Width  mastoids  125 

Height  occiput  to  top  of  foramen  magnum  46 

Height  occiput  to  bottom  of  foramen  magnum  76 

Width  occipital  condyles  87 

Width  post,  tuberosity  39 

Width  ant.  tuberosity  29 

R h/c  ap 
tr 

length 

L h/c  ap  29 

tr  40 

length 


Connochaetes  sp. 

Material  referred 


KNM-WT 

Specimen 

16424 

proximal  L h/c 

16427 

proximal  R h/c 

Connochaetes  sp.  horn  core  measurements 

16424 

16427 

R h/c  ap 

50 

tr 

60 

L h/c  ap 

35  + 

tr 

53  + 
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Alcelaphine  specimen  lists  and  measurements  (continued). 


cf.  Megalotragus  sp. 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14586 

LM' 

KL6 

14580 

LM, 

LK5 

16560 

RM2-3 

L05 

16599 

RM, 

LAI 

16172 

LM3 

L04 

14667 

RM, 

KL2 

16576 

LM37 

L05 

16574 

R md  frags  (M,_3) 

L09 

16588 

RM3 

L05 

16654A 

L md  frag  (dP4) 

L08 

14582 

RM2 

KLI 

17432 

R md  frag  (P4-M,) 

NY3 

16485 

RP3~*  (max  frag) 

L04 

17508 

LM2 

NCI 

16575 

LM"/2 

L04 

17515 

L md  frag  (M,_3) 

KS2 

16577 

RP4,  RM2-3,  LP3 

L04 

17545 

R max  frag  (dP4-M‘) 

NY  3 

14575 

R md  frag  (dP4-M,) 

LK3 

17441 

RP4,  LM7 

KS1 

14598 

R md  frag  (M,_3) 

KL1 

cf.  Megalotragus  sp.  dental  measurements 

14575  14598 

14580 

17515 

16559  14667 

16574  16554A 

17432 

17441 

dP4  ap 

25.3 

30.6 

tr 

1 1.6 

9.9 

P4  ap 

16.3 

20.3 

tr 

8.8 

16.1 

M,  ap 

19.3 

21.2 

tr 

14.0 

12.0 

M,  ap 

29.3  26.8 

32.8 

27.7  27.5 

28.2 

31.6 

tr 

11.8  16.1 

12.6 

11.3  13.0 

10.7 

14.1 

M,  ap 

43.9 

42.1 

39.1 

42.7 

tr 

15.8 

13.9 

11.7 

9.6 

13.5 

14586  16560  16172 

16576 

16558 

14584  16485 

16575  16577 

17508 

17545 

P3  ap 

13.5 

P4  ap 

19.6 

tr 

1 1.7 

12.2  tr 

(13.6) 

P4  ap 

14.2 

14.3  M1  ap 

22.9 

tr 

13.6  tr 

12.7 

M2  ap 

27.8 

29.1 

28.5  25.9  M2  ap 

31.8 

tr 

19.7 

19.0 

19.2  tr 

20.7 

M3  ap 

30.0  23.8  26.0 

23.9 

27.9 

26.4 

tr 

16.2  12.8  17.6 

16.9 

19.8 

18.1 

Alcelaphini 

medium-sized  teeth 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14595 

RM  frag 

KL3 

16579 

R & L M2,  M, 

LOl 

14585 

RM3 

KL6 

16565 

R md  frag  (M,_3) 

L05 

16581 

LM37 

L05 

16578 

M frags 

LO10 

14579 

RM2 

KLI 

14601 

L md  (P4-M2) 

KL6 

14593 

RM2 

NCI 

16555 

R md  frag  (P,_4) 

L05 

16561 

RM3 

L05 

16571 

LM1-2,  LM,_2,  RM2_3 

LAI 

16564 

L max  frag  (M1-3) 

L09 

16570 

L md  frag  (P4-M2) 

L05 

16567 

LP4-M3 

L04 

16582 

L md  frag  (M,_3) 

L05 

16563 

L max  frag  (P2-M2) 

L05 

14588 

RM, 

NK1 

14589 

RM2 

KG 

14581 

RM, 

LK1 

16562 

LM3 

L05 

16568 

L md  frag  (P,-M,) 

L05 

14582 

RM1,  RM, 

KLI 

16166 

RM, 

L09 

14576 

RM3 

NCI 

17483 

LM, 

NY2 

16577C 

LM,  frag 

L04 

17489 

lm3 

NY2 

16556 

R md  frag  (P4-M3) 

L05 

17522 

rm3 

KS1 

16557 

R md  frag  (M,_2) 

L09 

17439 

lm3 

KS1 
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Alcelaphine  specimen  lists  and  measurements  (continued). 


Medium  Alcelaphini  dental  measurements 


16556 

16557 

16579 

16565 

14601 

16555 

16570 

16582 

p3 

ap 

1 1.2 

11.0 

tr 

7.0 

P4 

ap 

12.2 

15.1 

15.0 

tr 

8.4 

9.5 

M, 

ap 

16.4 

22.1 

18.4 

16.3 

tr 

11.2 

1 1.7 

11.3 

12.2 

M, 

ap 

21.8 

24.3 

26.3 

26.8 

23.3 

23.0 

22.4 

tr 

12.9 

12.8 

13.9 

11.3 

12.2 

12.8 

13.5 

m3 

ap 

34.4 

35.4 

34.5 

31.9 

34.7 

tr 

14.0 

13.0 

12.9 

10.6 

13.8 

16571 

16568 

14588 

14581 

16577C 

16582A 

16166 

17482 

17489 

17522 

17439 

P3 

ap 

10.2 

P4 

ap 

13.4 

tr 

7.4 

M, 

ap 

20.5 

19.5 

18.2 

19.1 

tr 

9.0 

8.9 

9.0 

9.0 

M, 

ap 

22.5 

23.7 

22.4 

24.2 

tr 

7.7 

1 1.7 

11.8 

1 1.5 

m3 

ap 

34.0 

29.1 

37.9 

tr 

11.5 

13.0 

10.4 

10.8 

13.9 

16563 

16567 

16564 

16571 

16561 

14576 

16562 

14582B 

14589 

14593 

14579 

P2 

ap 

8.5 

tr 

6.7 

P3 

ap 

1 1.5 

tr 

10.5 

PJ 

ap 

13.4 

1 1.2 

tr 

13.1 

12.2 

M' 

ap 

15.3 

16.9 

16.8 

22.7 

tr 

15.0 

15.0 

17.7 

14.3 

M2 

ap 

23.4 

24.1 

25.0 

21.5 

20.4 

21.8 

26.5 

23.5 

tr 

17.9 

15.6 

19.3 

14.6 

12.5 

13.6 

18.4 

17.2 

M3 

ap 

23.9 

30.6 

28.1 

22.7 

tr 

13.7 

16.5  + 

17.5 

13.5 

Alcelaphini 

small-sized  teeth 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16478 

LM2 

LAI 

14591 

L md  frag  (M,) 

KL6 

16580 

LM2,  RM2-3 

L04 

14573 

L md  frag  (M,) 

KL1 

16553 

R max  frag  (M2~3) 

KU2 

14583 

RM, 

KL3 

16482 

LM1,  LM, 

KU3 

14574 

R md  frag  (dP,-M,) 

KL6 

16566 

RM3 

L04 

16481 

L md  frag  ( M , _,) 

KU2 

16572 

LM2 

LOl 

16552 

R md  frag  (P4-M,) 

KU1 

14592 

R max  frag  (PJ-M3) 

KI3 

14597 

LM, 

KK 

14590 

L max  frag  (P2-M3) 

KK 

14587 

R md  (P,-M3) 

KK 

16484 

RM1,  LM3 

KU1 

16477 

L md  frag  (M,) 

L05 

16551 

LM3 

L03 

16476 

R md  frag  (M,) 

L05 

16486 

LM3 

L04 

16475 

R md  frag  (P3-M2) 

L05 

16483 

RM1 

KU1 

16554 

L md  frag  (P,-M,) 

KU1 

14578 

LM3 

NCI 

14596 

RM, 

KK 

16479 

L md  frag  (M,_2) 

L05 

14594 

md  & max  frags  (LM,_3)  LM3,  RM3 

KK 

16573 

L md  frag  (M,_2) 

L03 

RM3  different  individual 

14600 

L md  frag  (M,_3) 

LK1 

16471 

R & L md  frags  (P4-M,) 

LO10 

14577 

RM, 

LK3 

16472 

L md  frag  (P4-M,) 

L09 

14599 

RM, 

LK3 

16550 

RM3,  LM, 

L05 
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Alcelaphine  specimen  lists  and  measurements  (continued). 


Material 

referred 

KNM-WT 

Specimen 

16389 

LM1 

16409 

RM! 

14935 

R md  frag  (M2_3) 

16388 

L md  frag  (M,) 

16407 

R md  frag  (P4-M2] 

16410 

R md  frag  (M,) 

16550 

16472 

16471 

P3 

ap 

tr 

P4 

ap 

8.0 

10.9 

tr 

5.8 

6.1 

M, 

ap 

1 1.7 

15.7 

tr 

7.0 

8.4 

M, 

ap 

16.1 

tr 

8.9 

M, 

ap 

21.9 

22.3 

tr 

8.7 

8.2 

16552 

16481 

16482 

dP, 

ap 

tr 

dP4 

ap 

tr 

P3 

ap 

tr 

P4 

ap 

tr 

M, 

ap 

15.6 

18.4 

17.2 

tr 

9.3 

8.6 

8.4 

m2 

ap 

19.0 

tr 

9.0 

8.3 

M, 

ap 

20.6  + 

tr 

7.7 

14935 

16388 

16407 

P4 

ap 

7.9 

tr 

4.8 

M, 

ap 

12.7 

tr 

M, 

ap 

tr 

7.5 

6.9 

M, 

ap 

19.2 

21.4 

tr 

7.1 

7.5 

Alcelaphini  small-sized  teeth  (continued) 


Material 

referred 

Site 

KNM-WT 

KU1 

16406 

L09 

16453 

KK 

16412 

L05 

14934 

L09 

L09 

16606C 

Small  Alcelaphini  dental  measurements 


Specimen 

Site 

R md  frag  (M,) 

L09 

RM; 

L05 

L md  frags  (P4,  M3) 

LAI 

L md  frags  (P4-M2) 

KG1 

R md  frag  (M  ,) 

KU2 

14594 

14596 

16554 

16475 

14476 

16477 

14587 

14597 

11.7 

8.5 

7.6 

4.8 

13.7 

10.5 

8.5 

6.3 

10.6 

15.7 

16.6 

13.9  + 

17.1 

7.4 

10.4 

7.6 

9.1 

7.0 

12.9  + 

20.2 

20.0 

19.0 

8.6 

10.7 

7.6 

9.5 

22.3 

23.4 

24.7 

25.4 

26.2 

22.2 

8.5 

7.6 

9.9 

9.7 

9.7 

7.7 

14574 

14583 

14573 

14600 

16573 

16479 

14599 

14577 

1 1.0 

5.2 

20.3 

8.0 

18.6 

19.8 

19.0 

19.5 

7.5 

9.8 

8.4 

8.6 

22.2 

22.6 

21.0 

21.2 

22.8 

8.8 

9.0 

8.0 

8.3 

9.8 

28.4 

26.0 

28.9 

10.1 

8.3 

9.4 

16410 

16406 

16453 

16412 

14934 

16606C 

12.1 

7.8 

7.9 

5.4 

9.5 

7.5 

16.9 

13.7 

9.3 

7.8 

22.8 

19.6 

22.7 

7.8 

7.1 

8.6 

6.7 

to  this  taxon  on  the  basis  of  their  small  size,  square  upper 
molars  with  V-shaped  backward-pointing  internal  cusps,  and 
comparably  shaped  lower  molars. 

Gazella  Blainville,  1816 

Three  gazelle  species  are  represented  in  the  West  Turkana 
sequence  by  horn  cores.  The  largest  has  horn  cores  of  similar 
size  and  shape  to  the  extant  Grant’s  gazelle  and  was  hitherto 
unrecorded  from  the  Lake  Turkana  Basin.  The  two  smaller 


species  are  both  known  from  Koobi  Fora  although  only  one, 
G.  praethomsoni,  was  previously  recorded  from  the  Omo 
succession. 

Gazella  grant i Brooke,  1872 

Gazella  cf.  G.  granti 

Figure  57 

Three  horn  cores,  one  from  the  upper  Kataboi  Member  (LK1) 
and  two  from  the  upper  Lomekwi  Member  (LOl),  bear  a 
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Impala  specimen  lists  and  measurements. 


Aepyceros  melampus  (Lichtenstein,  1812) 
Aepyceros  cf.  A.  melampus 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16627 

R & L h/c  frags 

LAI 

17431 

cranium  & h/c  frags 

NY2 

14931 

R h/c  frag 

KL1 

16413 

LM2 

LAI 

14920 

dist  R h/c  frag 

KL1 

14938 

R md  frag  (M  ,) 

KG1 

14921 

R h/c  frag 

KL1 

14936 

R md  frag  (M,_3) 

KL1 

14927 

prox  R h/c 

KL6 

16414 

LM2'3 

LAI 

14929 

R & L h/c  frags 

KI3 

14879 

R max  frag  (dP4-M') 

LK4 

14919 

dist  L h/c  frag 

NCI 

17548 

LM2 

NY2 

14928 

prox  R h/c 

NCI 

17549 

L md  frag  (dP3-M,) 

NY2 

17479 

R & L h/c  frags 

NY2 

17552 

RM, 

NY3 

17501 

h/c  frag 

NCI 

17440 

lm3 

KS1 

17535 

juv  L h/c 

NY2 

14922 

R h/c  frag 

KK 

17541 

cranium  & h/c's 

NY3 

Aepyceros  cf.  A.  melampus  horn  core  measurements 

16627 

14927  14921 

14931  14929 

14928 

14929  17429 

17535 

R h/c  ap 

35 

41  33 

35  33 

36 

L h/c  ap 

36  39 

27 

tr 

35 

35  21 

28  25 

30 

tr 

37  33 

21 

Aepyceros  cf.  A.  melampus  dental  measurements 

14936 

14938  17549 

16413  17752 

17740 

16414  17548 

14879 

17431 

dP,  ap 

9.2 

dPJ 

ap 

14.5 

tr 

tr 

10.3 

dP4  ap 

18.6 

M1 

ap 

17.1 

12.7  + 

tr 

6.1 

tr 

9.6 

M,  ap 

15.7 

16.4 

M2 

ap 

17.1  16.5 

17.2 

tr 

6.5 

7.8 

tr 

10.6  9.2 

12.7 

M2  ap 

14,4 

17.1 

M3 

ap 

16.9 

17.7 

tr 

8.5 

7.4 

tr 

10.7 

M,  ap 

25.2 

20.5 

26.5 

tr 

9.2 

7.9 

(9.9) 

Aepyceros  shurtgurae  Gentry , 1985 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16630 

R h/c 

L04 

16636 

L h/c 

L05 

16641 

L h/c 

L04 

16516 

R h/c 

L04 

16620 

R h/c 

L04 

16626 

prox  R h/c 

L05 

16514 

prox  R h/c 

L04 

16631 

prox  L h/c 

L05 

16515 

prox  L h/c 

L04 

16643 

prox  R h/c 

L04 

16518 

prox  R h/c 

L04 

16642 

prox  R h/c 

L04 

16637 

L & R h/c  frags 

L04 

16635 

R & L h/c  frags 

L05 

16619 

prox  R h/c 

L04 

16645 

prox  L h/c 

L05 

16624 

prox  L h/c 

L04 

716639 

prox  R h/c 

L05 

16621 

L h/c  frags 

L04 

16646 

R h/c  frags 

L05 

16625 

juv  prox  L h/c 

L09 

16648 

R h/c  frags 

L05 

16632 

prox  R h/c 

L09 

16649 

R h/c  frags 

LO10 

16633 

prox  L h/c 

L09 

16512 

prox  R h/c 

L03 

16242 

prox  R & L h/c’s 

L04 

716517 

R h/c  frag 

L03 

16629 

prox  L h/c 

L09 

16513 

R h/c 

LOl 

16644 

L h/c  frags 

L05 

16634 

juv  R h/c 

KU1 

16638 

R h/c  frags 

L05 
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Impala  specimen  lists  and  measurements  (continued). 


Aepyceros  shungurae  Gentry,  1985  (continued) 


Material 

referred 


Material 

referred 


KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16622 

juv  R h/c 

KU2 

16401 

L md  frag  (dP4-M2) 

KU1 

16640 

L h/c  frag 

L08 

16411 

L md  frag  (M2_3) 

L04 

16246 

prox  R h/c 

L04 

16408 

RM, 

L09 

16405A 

prox  R h/c 

LOS 

16404 

L md  frag  (M2_3) 

L05 

16396 

R md  frag  (M2_3) 

L04 

16416 

LM,  frag 

L04 

16402 

L md  frag  (M-M  ,) 

L05 

16394 

max  frags  (LP4-M2,  RM,„3)  & md 

16400 

R md  frag  (M3) 

L04 

frags  (LP4- 

-M2),  (RM3) 

LOS 

16452 

LM, 

L04 

16390 

max  frags  (R  & LM's) 

KU3 

16399B 

RM, 

LO10 

16418 

LM-1 

L04 

16392 

R md  frag  (M,_2) 

KU2 

16393 

L max  frag  (M2-3) 

L05 

16391 

R md  frag  (M,_3) 

LOS 

16417 

RM2-1 

L04 

16403 

L md  frag  (M,_3) 

L05 

16395A 

R max  frag  (M2-3) 

LOS 

16451 

R md  frag  (P2-M2) 

L05 

1658 1 B 

LM 

LOS 

Aepyceros  shungurae 

horn  core  measurements 

16648  16639  16645 

16643  16653 

16626 

16516  16636 

16638 

16620 

16630 

16514 

R h/c  ap 

37 

34  36 

32 

32 

33 

33  32 

31 

37 

35 

29 

tr 

34 

28  32  + 

29 

31 

30 

21  27 

26 

30 

28 

23 

It 

240  + 

16518  16642  16637 

16619  16624 

16632 

16242  16426 

16512 

16634 

16622 

I 6405 A 

R h/c  ap 

32 

35  34 

33 

38 

38 

27  24 

36 

25 

29 

33 

tr 

26 

33  32 

28 

34 

35 

25  23 

31 

18 

19 

32 

16646  16653  16631 

16636  16644 

16630 

16515  16637 

16621 

16625 

16633 

16629 

16242 

L h/c  ap 

32 

34  32 

30 

34 

32 

30  35 

39 

25 

40 

32 

28 

tr 

31 

33  28 

28 

30 

30 

31  31 

31 

25 

35 

29 

22 

It  270  + 


Aepyceros  shungurae  dental  measurements 


16451 

16403 

16391 

16402 

16396 

16411 

16399 

16394 

P2 

ap 

4.9 

tr 

P3 

ap 

8.8 

tr 

4.6 

P4 

ap 

8.9 

9.6 

tr 

5.3 

M, 

ap 

12.8 

14.5 

14.0 

tr 

7.1 

6.6 

M2 

ap 

15.2 

14.5 

15.3 

16.7 

15.8 

17.5 

18.5 

16.3 

tr 

7.2 

8.0 

8.5 

6.1 

8.2 

8.0 

6.9 

8.2 

m3 

ap 

19.2 

21.5 

22.8 

tr 

7.3 

8.0 

7.1 

16401 

16408 

16404 

16392 

16452 

16394 

16390 

16393 

16395 

dp4 

ap 

17.4 

P4  ap 

10.4 

tr 

6.4 

tr 

8.2 

M, 

ap 

15.8 

13.2 

14.3 

M1  ap 

14.3 

tr 

6.3 

6.8 

7.0 

tr 

10.7 

m2 

ap 

17.1 

15.4 

M2  ap 

16.9 

16.8 

16.4 

17.2 

tr 

7.4 

7.5 

tr 

11.3 

10.3 

12.1 

1 1.9 

17.0 

M3  ap 

17.0 

18.6 

15.5 

8.1 

tr 

9.8 

11.4 

9.7 

16417  16418 


18.2 

11.3 

19.2 

10.8 
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Impala  specimen  lists  and  measurements  (continued). 


Aepyceros  sp. 

Material  referred 


KNM-WT 

Specimen 

Site 

14932 

L h/c 

LK1 

14930 

L h/c  frag 

LK2 

14926 

R h/c  frag 

LK1 

14937 

R md  (M3) 

LK1 

Aepyceros  sp.  horn  core  measurements 
14932 

L h/c  ap  40 

tr  34 

Aepyceros  sp.  dental  measurements 
14937 

M,  tr  8.0 


Antilopine  specimen  lists  and  measurements. 


Antidorcas  recki  (Schwartz,  1932) 


Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

14605 

R & L h/c’s 

KK 

16250 

L max  (P3-M3) 

L03 

14616 

R h/c 

KG1 

16243 

R md  frag  (P4-M2) 

KU1 

14604 

prox  R h/c 

KG1 

16235 

L md  frag  (M2_3) 

L04 

14617 

prox  L h/c 

KG2 

16236 

L md  frag  (M2) 

L09 

16249 

prox  R h/c 

L09 

14619 

R md  frag  (dP4-M,) 

KG 

14612 

prox  L h/c 

KL3 

Antidorcas  recki  horn  core  measurements 


14605 

14616  14604 

14617 

16249 

14612 

R h/c  ap 

27 

25 

24 

tr 

17 

17 

19 

It 

10 

12 

L h/c  ap 

28 

21 

29 

28 

tr 

17 

1 1 

17 

24 

Antidorcas  recki  dental  measurements 

14619 

16243  16235 

16236 

16250 

dP4  ap 

14.3 

P,  ap 

7.4 

tr 

4.8 

tr 

7.5 

P4  ap 

6.2 

P4  ap 

6.9 

tr 

tr 

7.8 

M,  ap 

11.4 

9.9 

M1  ap 

9.7 

tr 

4.6 

tr 

10.8 

M,  ap 

11.9  9.9 

1 1.8 

M-  ap 

11.8 

tr 

6.9  6.4 

5.3 

tr 

10.5 

M,  ap 

15.4 

M3  ap 

15.0 

tr 

6.1 

tr 

9.4 

Gazella  Blainville,  1816 

G a cell  a grand  Brooke 

Gazella  cf.  grand 

Material  referred 

KNM-WT 

Specimen 

Site 

14620 

L h/c 

LK1 

16244 

prox  L h/c 

LOl 

16240 

prox  R h/c 

LOl 
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Antilopine  specimen  lists  and  measurements  (continued). 

Gazella  cf.  granti  horn  core  measurements 


14620 

16244 

16240 

a P 

46 

46 

tr 

29 

28 

It 

250  + 

ap 

53 

tr 

31 

Gazella  janenschi  Dietrich,  1950 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

14613 

L h/c 

KL3 

16237 

prox  L h/c 

16238 

prox  L h/c 

L05 

14567 

prox  R h/c 

16245 

prox  L h/c 

L09 

16271 

distal  h/c  frags 

Gazella  janenschi  horn 

core  measurements 

14613 

16238 

16245 

16237 

14567 

L h/c 

ap 

23 

21 

24 

26 

tr 

20 

17 

23 

24 

It 

80  + 

R h/c 

ap 

24 

tr 

22 

Site 

L06 

KL2 

KU2 


Gazella  praethomsoni  Arambourg,  1947 
Material  referred 


KNM-WT 

Specimen 

Site 

16074 

L h/c 

KL1 

16272 

prox  L h/c 

LAI 

16076 

prox  R h/c 

KL1 

14614 

female  R h/c 

KK 

14610 

female  prox  R h/c 

KG 

Gazella  praethomsoni  horn  core  measurements 


16074 

16076 

16272 

14614 

14630 

L h/c  ap 

27 

26 

24 

16 

tr 

20 

16 

16 

12 

It 

140  + 

R h/c  ap 

14 

tr 

1 1 

It 

72  + 

Gazella  sp.  indet. 

Material 

Material 

referred 

referred 

KNM-WT 

Specimen 

Site 

KNM-WT 

Specimen 

Site 

16248 

L md  (P3-M2) 

KU2 

16056 

L md  (P,-M2) 

KL1 

14609 

L md  frag  (M;) 

KG1 

14933 

R md  frag  (dPlJt) 

NK1 

1461 1 

L md  frag  (M,_2) 

KL1 

14923 

L md  frag  (M,_3) 

KG1 

14618 

L md  frag  (M,_3) 

KG 

14924 

L max  frag  (M'~3) 

KL1 

14603 

L md  frag  (M,) 

KL5 

16399A 

LM2 

LO10 

14606 

LM,  frag 

KK 

17425 

L md  (P3-M3) 

NY4 

16405 

max  frags  (LP--M-1,  RM2) 

L05 

17550 

LM 

NY4 

16398 

md  & max  frags  (LP3-M3,  RP4-M') 

L04 
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Antilopine  specimen  lists  and  measurements  (continued). 


Gazella  sp.  indet.  dental  measurements 


16248 

14609 

1461  1 

14618 

14603  14933 

14923 

16056 

17425 

16398 

dP,  ap 

10.2 

tr 

6.1 

dP4  ap 

12.0 

15.5 

tr 

5.5 

P3  ap 

6.8 

tr 

3.2 

8.1 

8.4 

P4  ap 

5.3 

5.1 

tr 

9.9 

9.1 

9.6 

M,  ap 

11.8 

12.8 

12.2 

11.1 

6.1 

5.5 

5.5 

tr 

5.9 

6.5 

7.6 

6.5 

6.8 

1 1.5 

1 1.8 

12.3 

M,  ap 

14.9 

16.8 

14.5 

15.2 

1 1.8 

7.2 

7.4 

7.5 

tr 

6.1 

6.3 

6.4 

7.7 

8.1 

14.7 

15.3 

M,  ap 

19.8 

20.5 

7.5 

7.4 

tr 

5.6 

7.8 

20.2 

16405 

14924 

16399A 

P2 

ap 

6.6 

tr 

7.9 

P1 

ap 

7.3 

tr 

P4 

ap 

8.9 

tr 

10.0 

M1 

ap 

1 1.3 

10.9 

tr 

12.7 

1 1.6 

M: 

ap 

14.5 

14.1 

16.3 

tr 

12.2 

12.4 

1 1.2 

M' 

ap 

17.0 

tr 

10.0 

1 1.7 

striking  resemblance  to  those  of  the  extant  Gazella  granti. 
The  horn  core,  arising  immediately  above  the  orbit,  is  me- 
diolaterally  compressed  and  is  D-shaped  in  basal  transverse 
section  with  a flattened  lateral  surface.  Almost  vertically  in- 
serted, the  horn  core  rises  upward  and  backward,  tapering 
gradually.  There  is  no  surface  ornamentation  other  than  lon- 
gitudinal grooves.  A horn  core  of  similar  size  and  shape  and 
attributed  to  G.  granti  has  been  recorded  from  the  somewhat 
older  Lower  Laetolil  Beds  (Harris,  1987b). 

Gazella  janenschi  Dietrich,  1950 

Six  specimens  of  G.  janenschi  have  been  recovered  from  six 
sites  in  the  Lomekwi,  Kaitio,  and  Natoo  members.  The  horn 
cores  of  this  species  are  much  smaller  and  broader  than  those 
of  Gazella  cf.  G.  granti,  but  still  have  a D-shaped  base  in 
transverse  section.  Arising  immediately  above  the  orbit,  the 
horn  core  curves  backward  and  outward.  The  surface  is 
smoother  than  that  of  G.  granti  but  shows  some  longitudinal 
grooving.  Gazella  janenschi  was  originally  described  from 
Laetoli  but  is  also  known  from  undescribed  specimens  in  the 
Koobi  Fora  sequence. 

Gazella  praethomsoni  Arambourg,  1947 

Five  specimens  that  can  be  attributed  to  G.  praethomsoni 
have  been  recovered  from  three  sites  in  the  Kalochoro  Mem- 


ber and  from  KL1  in  the  Natoo  Member.  Horn  cores  of  this 
species  are  of  comparable  or  slightly  larger  size  than  those 
of  G.  janenschi  and  are  longer  but  more  mediolaterally  flat- 
tened (though  less  so  than  in  G.  cf.  granti).  They  curve  back- 
ward, diverging  outward  toward  the  tip.  The  species  was 
originally  described  from  the  Omo  sequence  and  occurred 
also  in  the  Koobi  Fora  succession. 

Gazella  species  indeterminate 

Fifteen  partial  dentitions  or  isolated  teeth  attributable  to  Ga- 
zella species  have  been  recovered  from  10  West  Turkana 
sites  (representing  the  Lomekwi,  Kalochoro,  Kaitio,  and  Na- 
riokotome  members)  but  cannot  be  more  precisely  identified. 

Tribe  Caprini 

Three  different  kinds  of  horn  core  are  tentatively  assigned  to 
the  Caprini  but  cannot  at  present  be  more  precisely  identified. 

Caprini  genus  indeterminate  species  A 

Figure  58 

This  form  is  represented  by  WT  16241,  a frontlet  with  prox- 
imal horn  cores  from  L07  in  the  Lokalalei  Member,  and 
WT  14615,  proximal  right  and  left  horn  cores  from  NC2  in 
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Figure  57.  KNM-WT  1 6420,  Gazella  cf.  grand  left  horn  core  from 
the  Kataboi  Member  at  LK1  (left),  and  KNM-WT  16244,  proximal 
left  horn  core  (center)  and  KNM-WT  16240  proximal  right  horn 
core  (right),  both  from  the  upper  Lomekwi  Member  at  LOl;  lateral 
view. 

the  Nariokotome  Member.  Separated  by  a broad  U-shaped 
depression  of  the  frontal,  the  horn  cores  have  shallow  basal 
sinuses  and  are  mediolaterally  compressed  at  their  base.  The 
shape,  orientation,  and  curvature  of  the  horn  cores  are  very 
similar  to  the  condition  in  Menelikia  lyrocera,  the  horn  cores 
curving  upward  and  outward  with  slight  anticlockwise  tor- 
sion in  the  right  horn  core.  The  lateral  surface  of  the  proximal 
portion  of  the  horn  core  is  flattened.  The  horn  core  is  or- 
namented by  longitudinal  grooves  with  faint  indications  of 
transverse  ribbing.  It  is  perhaps  possible  that  the  specimens 
are  merely  very  small  variants  of  M.  lyrocera  but  more  prob- 
able that  they  represent  a species  of  caprine. 

Caprini  genus  indeterminate  species  B 

Figures  59,  60 

WT  1 4566,  a proximal  right  horn  core  from  KJ2  in  the  Kaitio 
Member,  is  dorsoventrally  flattened  with  a flat  ventral  sur- 


Figure 58.  KNM-WT  1642 1 , Caprini  gen.  indet.  sp.  A frontlet  with 
proximal  horn  cores  from  the  Lokalalei  Member  at  L07;  anterior 
view. 


face,  contributing  to  a D-shaped  transverse  section.  Anterior 
to  the  base  of  the  horn  core,  the  frontal  bone  above  the  brain 
case  bears  very  large  sinuses— a feature  seen  in  caprines  and 
duikers.  The  horn  extends  backward,  and  slightly  upward 
and  outward,  and  is  hollow  in  the  proximal  portion  pre- 
served, suggesting  a very  deep  basal  sinus.  The  horns  were 
separated  by  only  a short  distance  because  the  medial  base 
of  the  horn  core  pedicel  is  formed  by  the  intrafrontal  suture 
whereas  the  frontal-parietal  suture  adjoins  the  posterior  base 
of  the  pedicel.  While  the  specimen  could  belong  to  either 
group,  its  size  and  the  rarity  of  duikers  in  the  fossil  record 
suggest  that  a caprine  identification  is  more  plausible.  At  its 
base  the  horn  core  measures  16  mm  x 27  mm. 

Caprini  genus  indeterminate  species  C 

Figures  6 1 , 62 

A third  caprine  is  represented  by  two  specimens.  The  most 
complete  is  WT  14941,  a frontlet  with  horn  cores  from  NCI 
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Caprine  specimen  lists  and  measurements. 


Caprini  gen.  indet.  sp.  A 

Material  referred 


KNM-WT 

Specimen 

Site 

16241 

frontlet  with  prox  h/c’s 

L07 

14615 

prox  R & L h/c’s 

NC2 

Caprini  gen. 

& sp.  indet.  A horn  core  measurements 

16241 

14615 

Width 

base  h/c’s 

102 

R h/c  ap 

43 

36 

tr 

32 

31 

L h/c  ap 

46 

35 

tr 

34 

Caprini  gen.  indet.  sp.  B 

31 

Material  referred 

KNM-WT 

Specimen 

Site 

14566 

prox  R h/c 

Caprini  gen.  indet.  sp.  C 

KI2 

Material  referred 

KNM-WT 

Specimen 

Site 

14941 

frontlet  with  h/c’s 

NCI 

16239 

prox  R(?)  h/c 

L09 

Caprini  gen 

. indet.  sp.  C horn  core  measurements 

14941 

16239 

R h/c  ap 

47 

26 

tr 

63 

47 

It 

110  + 

L h/c  ap 

45 

tr 

56 

It 

250  + 

Caprini  gen.  & sp.  indet. 

Material  referred 

KNM-WT 

Specimen 

Site 

17547 

R md  (P4-M3) 

KL1 

17548 

LM, 

NY2 

Caprini  gen.  & sp.  indet.  dental  measurements 

17547 

17548 

P4  ap 

1 1.3 

tr 

5.8 

M,  ap 

12.0 

tr 

7.2 

M,  ap 

14.0 

17.4 

tr 

8.0 

7.4 

M,  ap 

17.3  + 

tr 

8.4 

in  the  Nariokotome  Member.  The  horn  cores  arise  behind 
the  orbit,  curving  outward  in  their  proximal  portion,  and 
recurving  inward  at  their  tip.  The  lyrate  curvature  is  similar 
to  that  seen  in  Menelikia  lyrocera  but,  unlike  those  of  Me- 
ne/ikia,  these  horn  cores  are  dorsoventrally  flattened.  Dis- 
tinct transverse  ribs  are  present  in  the  proximal  two  thirds 
of  the  horn  core.  Between  the  horn  cores,  the  frontals  are 
concave  but  the  interfrontal  suture  is  produced  into  a ridge, 
thus  contrasting  with  the  condition  seen  in  M.  lyrocera  and 
Caprini  A. 

A second  specimen,  WT  16239,  a proximal  right(?)  horn 
core  from  L09  in  the  Lomekwi  Member,  is  smaller  and  even 
more  dorsoventrally  compressed.  The  horn  core  is  weathered 
and  no  transverse  ribbing  can  be  discerned. 

Caprini  genus  and  species  indeterminate 

Two  caprine  dental  specimens  — WT  17547,  a right  mandible 
(P4-M,)  from  KL1,  and  WT  17548,  a left  M,  from  NY2- 
may  not  be  assigned  to  any  of  the  three  taxa  listed  above. 


DISCUSSION 

BIOSTRATIGRAPHY 

The  mammalian  fossils  from  the  47  fossiliferous  sites  from 
west  of  Lake  Turkana  can  be  grouped  into  10  discrete  as- 
semblages on  the  basis  of  their  stratigraphic  position  and 
faunal  composition.  Their  stratigraphic  level  may  be  eval- 
uated with  reference  to  major  tuffs  in  the  sequence  (see  Table 
2),  many  of  which  crop  out  also  in  the  Koobi  Fora  and/or 
the  Shungura  sequences.  Changes  in  faunal  composition,  in- 
volving sequential  replacement  of  Elephas  recki  subspecies 
and  of  Hipparion,  Theropithecus,  hippopotamid,  and  bovid 
species,  help  to  define  and  distinguish  intervals  of  time  rep- 
resented in  the  sequence.  Except  at  two  Loruth  Kaado  lo- 
calities (LK1  and  LK2),  the  older  assemblages  are  restricted 
to  the  southern  half  of  the  region  and  the  younger  ones  to 
the  northern  half.  A major  change  in  the  composition  of  the 
local  faunas  occurs  half  way  through  the  sequence  coincident 
with  the  migration  of  Equus  into  sub-Saharan  Africa.  The 
distribution  of  taxa  in  the  lower  portion  of  the  sequence  is 
given  in  Table  3 and  that  in  the  upper  part  of  the  sequence 
in  Table  4 

Upper  Kataboi  Member  Assemblage  (Table  3:  1) 

The  samples  from  LK1,  LK2,  L06,  and  NS1  were  collected 
below  the  Tulu  Bor  Tuff  but  high  in  the  Kataboi  Member. 
The  assemblage  includes  Homotherium  problematicus,  Dei- 
notherium  bozasi,  Loxodonta  adaurora,  Hipparion  hasu- 
mense,  Nyanzachoerus  kanamensis,  Notochoerus  euilus,  Si- 
vatherium  maurusium,  Tragelaphns  nakuae,  Kobus  oricornis, 
and  Gazella  aff.  G.  grant i.  Hippopotamus  cf.  H.  kaisensis  and 
the  large  Aepyceros  sp.  are  apparently  restricted  to  this  unit. 
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Figure  59.  KNM-WT  14566,  Caprini  gen.  indet.  sp.  B proximal 
right  horn  core  from  the  Kaitio  Member  at  KI2;  anterior  view. 


The  upper  Kataboi  Member  assemblage,  from  below  the 
Tulu  Bor  Tuff,  is  younger  than  the  assemblages  recovered 
from  the  Mursi  Formation  in  the  Omo  Valley  and  from  the 
Moiti  Member  at  Koobi  Fora,  but  stratigraphically  and 
chronologically  equivalent  to  those  from  the  Lokochot  Mem- 
ber at  Koobi  Fora  and  to  Shungura  Member  A. 


Lomekwi  Member  Assemblages 

Three  distinct  and  sequential  assemblages  have  been  re- 
covered from  the  lower,  middle,  and  upper  parts  respectively 
of  the  Lomekwi  Member.  The  youngest  assemblage  is  un- 
derlain by  the  Emekwi  Tuff  (=  C9)  but  unfortunately  the 
discontinuous  nature  of  the  outcrops,  their  low  relief,  low 
angle  of  dip,  and  the  absence  of  conspicuous  marker  horizons, 


'V 


Figure  60.  KNM-WT  14566,  Caprini  gen.  indet.  sp.  B proximal 
right  hom  core;  lateral  view. 


do  not  permit  more  precise  stratigraphic  definition  of  the 
other  two. 


Lower  Lomekwi  Member  Assemblage  (Table  3:  2) 

The  interval  of  section  exposed  in  the  upper  reaches  of  the 
Laga  Lomekwi  at  localities  L04-5  represents  strata  imme- 
diately below  and  above  the  Tulu  Bor  Tuff.  L04  and  L05 
are  abundantly  fossiliferous,  most  of  the  specimens  coming 
from  just  above  the  Tulu  Bor  Tuff,  i.e.,  from  the  lowest  part 
of  the  Lomekwi  Member.  Several  undescribed  hominid  spec- 
imens are  known  from  this  interval  (Harris  and  Brown,  1985). 
Theropithecus  brumpti  is  the  common  cercopithecoid  and 
persists  through  the  older  part  of  the  succession  but  Para- 
papio  ado  and  Parapapio  cf.  whitei  are  also  recorded  from 
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Figure  61.  KNM-WT  14941,  Caprini  gen.  indet.  sp.  C frontlet  with 
left  and  proximal  right  horn  cores  from  the  Nariokotome  Member 
at  NCI;  anterior  view. 


this  interval.  Two  Crocuta  species  occur,  one  of  which  is 
found  also  in  the  middle  part  of  the  member.  Elephas  recki 
brumpti  makes  its  first  appearance  west  of  Lake  Turkana  in 
this  assemblage,  Loxodonta  adaurora  its  last,  and  Loxodonta 
exoptata  is  apparently  restricted  to  this  interval  of  section. 
Both  rhinos,  Diceros  biconiis  and  Ceratotherium  praecox, 
occur  for  the  first  time  in  the  Nachukui  Formation.  Noto- 
choerus  euilus  is  the  commonest  suid  but  one  specimen  of 
Not.  scotti  was  recovered  from  L05  and  representatives  of 
Nyanzachoerus.  Kolpochoerus,  Potamochoerus.  and  Metri- 
diochoerus  also  occur  at  both  sites.  Hexaprotodon  protam- 
phibius  is  the  common  hippo,  evidently  replacing  Hippo- 
potamus cf.  H.  kaisensis  known  from  the  Kataboi  Member. 
Giraffa  sp.  occurs  for  the  first  time  in  the  sequence.  Of  the 
bovids,  the  alcelaphines  and  particularly  the  extinct  impala 
Aepyceros  shungurae  predominate,  the  latter  making  its  first 
appearance  in  the  sequence  along  with  Tragelaphus  cf.  scrip- 
tus,  Ugandax  sp.,  Kobus  sigmoidalis,  Kobus  sp.  A,  Megalo- 


Figure  62.  KNM-WT  1 494 1 , Caprini  gen.  indet.  sp.  C frontlet;  left 
lateral  view. 


tragus  sp.,  Parmularius  sp.,  Antidorcas  recki,  and  Gazella  cf. 
G.  janenschi. 

The  lower  Lomekwi  Member  assemblage  may  be  strati- 
graphically  and  temporally  correlated  with  those  from  ho- 
rizons just  above  the  Tulu  Bor  Tuff  in  the  Tulu  Bor  Member 
at  Koobi  Fora  and  the  lower  part  of  Member  B of  the  Shun- 
gura  Formation. 

Middle  Lomekwi  Member  Assemblage  (Table  3:  3) 

The  mammalian  fossils  from  localities  L09  and  LOIO  occur 
stratigraphically  higher  in  the  succession  than  those  from 
L04-5 . Many  of  the  taxa  from  this  interval  persist  from  lower 
levels.  Notochoerus  euilus  makes  its  last  appearance  in  this 
interval,  as  does  Crocuta  new  species.  The  sabretoothed  Di- 
nofelis  cf.  D.  barlowi  and  the  viverrids  Mungos  dietrichi  and 
cf.  Civettictus  sp.  are  known  only  from  this  member.  Making 
their  first  appearance  west  of  Lake  Turkana  are  Kobus  spp. 
B and  D and  Caprini  sp.  C.  Notochoerus  scotti  is  the  common 
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Table  3.  Fossil  mammals  from  the  lower  part  of  the  succession.  X 
denotes  species  present. 


Assemblages* 

1 

2 

3 

4 

5 

Theropithecus  brumpti 

X 

X 

X 

Cercopithecidae  large 

X 

X 

Cercopithecidae  medium 

X 

X 

Cercopithecidae  small 

X 

X 

Cercopithecidae  indet. 

X 

Parapapio  ado 

X 

Parapapio  cf.  whitei 

X 

X 

Paracolobus  mutiwa 

X 

Australopithecus  boisei 

X 

Hominidae  indet. 

X 

X 

Crocuta  new  species 

X 

X 

cf.  Crocuta  sp. 

X 

Hyaena  hyaena 

X 

Hyaenidae  indet. 

X 

Homotherium  problematicus 

X 

X 

Dinofelis  cf.  barlowi 

X 

Felidae 

X 

M ungo s diet ri chi 

X 

cf.  Civettictus  sp. 

X 

Carnivora  indet. 

X 

X 

X 

Deinotherium  bozasi 

X 

X 

X 

X 

Loxodonta  adaurora 

X 

X 

Loxodonta  exoptata 

X 

Elephas  recki  brumpti 

X 

X 

X 

E.  recki  shungurensis 

X 

X 

Elephantidae  indet. 

X 

Hipparion  hasumensis 

X 

X 

X 

X 

Equidae  indet. 

X 

Ceratotherium  sp. 

X 

X 

X 

Dicer  os  bicornis 

X 

X 

X 

Rhinocerotidae  indet. 

X 

X 

Notochoerus  euilis 

X 

X 

X 

Not.  scotti 

X 

X 

X 

Nyanzachoerus  kanamensis 

X 

X 

Kolpochoerus  limnetes 

X 

X 

X 

Kolpochoerus  majus 

X 

Potamochoerus  sp. 

X 

Metridiochoerus  andrewsi 

X 

X 

X 

X 

Suidae  indet. 

X 

X 

X 

X 

Hippopotamus  cf.  kaisensis 

X 

Hexaprotodon  protamphibius 

X 

X 

X 

Camelus  sp. 

X 

Sivatherium  maurusium 

X 

X 

Giraffa  sp. 

X 

X 

X 

Tragelaphus  nakuae 

X 

X 

X 

X 

Tragelaphus  sp.  (kudu) 

X 

Tragelaphus  script  us 

X 

X 

Ugandax  sp.? 

X 

X 

X 

X 

Oryx  sp. 

X 

Hippotragini  indet. 

X 

Kobus  sigmoidalis 

X 

X 

X 

X 

Kobus  oricornis 

X 

X 

X 

Kobus  sp.  A 

X 

X 

Kobus  sp.  B 

X 

X 

Kobus  sp.  C 

X 

X 

Table  3.  Continued. 


Assemblages* 

1 

2 

3 

4 

5 

Kobus  sp.  D 

X 

X 

Kobus  sp.  indet. 
Menelikia  lyrocera 

X 

X 

Menelikia  sp. 

X 

X 

Reduncini  large 

X 

X 

Reduncini  medium 

X 

X 

X 

Reduncini  small 

X 

X 

Connochaetes  sp.  A 

X 

Damaliscus  sp. 

X 

X 

Parmularius  sp. 

X 

Alcelaphini  large 

X 

X 

X 

Alcelaphini  medium 

X 

X 

X 

X 

Alcelaphini  small 

X 

X 

X 

Aepyceros  shungurae 
Aepyceros  sp. 

X 

X 

X 

X 

X 

Antidorcas  recki 

X 

X 

X 

Gazella  aff.  granti 

X 

X 

Gazella  cf.  janenschi 

X 

X 

X 

Gazella  sp.  indet. 
Caprini  sp.  A 

X 

X 

X 

X 

Caprini  sp.  C 

X 

* Members  (Sites):  1 Kataboi  (NS1,  LK1,  LK2,  L06);  2 lower  Lo- 
mekwi  (L04,  L05);  3 middle  Lomekwi  (L09,  LOIO);  4 upper  Lo- 
mekwi  (LO 1 , L02,  LQ3,  KU 1 . KU2,  KU3);  5 Lokalalei  (KU2,  LG7, 
L08). 

suid  while  alcelaphines  and  tragelaphines  outnumber  the  oth- 
er bovid  tribes. 

The  middle  Lomekwi  Member  assemblages  is  of  equiva- 
lent age  to  those  from  the  upper  part  of  Shungura  Member 
B and  from  horizons  between  the  Allia  and  Hasuma  tuffs  in 
the  Tulu  Bor  Member  at  Koobi  Fora. 

Upper  Lomekwi  Member  Assemblage  (Table  3:  4) 

Sites  LOl,  L02,  and  KU1-3  are  from  an  area  that  incor- 
porates the  middle  reaches  of  the  Laga  Lomekwi  and  the 
upper  part  of  the  Kangatukuseo  drainage;  these  samples  are 
all  of  similar  age  and  are  from  the  upper  part  of  the  Lomekwi 
Member.  Making  their  initial  appearance  west  of  Lake  Tur- 
kana  in  this  interval  are  Australopithecus  boisei  (Walker  et 
al.,  1986),  Hyaena  hyaena,  Elephas  recki  shungurensis,  Kol- 
pochoerus  majus,  Kobus  sp.  C,  and  Menelikia  sp.  Appearing 
for  the  last  time  in  the  Nachukui  Formation  are  Theropithe- 
cus  cf.  T.  brumpti,  Parapapio  cf.  P.  whitei,  Hipparion  hasu- 
mense,  Kobus  oricornis,  Kobus  spp.  A,  B,  and  D,  and  Gazella 
cf.  G.  granti.  Evidently  restricted  to  the  upper  part  of  the 
Nachukui  Formation  are  Paracolobus  mutiwa,  Camelus  sp., 
Oryx  sp.,  and  Connochaetes  sp.  Notochoerus  scotti  is  the 
common  suid  and  for  the  first  time  in  the  succession  the 
reduncines  become  numerically  more  abundant  than  the  al- 
celaphines or  tragelaphines.  L03,  on  a northern  branch  of 
the  Laga  Lomekwi,  is  of  similar  age  but  is  possibly  slightly 
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Table  4.  Fossil  vertebrates  from  the  upper  part  of  the  succession. 
X denotes  species  present. 


Assemblages* 

6 

7 

8 

9 

Galana 

Boi 

Siluriformes 

X 

Myliobatiformes 

X 

Cyprinidae 

X 

Characidae 

X 

Pisces 

X 

Crocodylus  sp. 

X 

Euthecodon  brumpti 

X 

X 

X 

Crocodylidae 

X 

X 

Trionyx  sp. 

X 

X 

Aves 

X 

X 

X 

Tat  era 

X 

Hystrix  sp. 

X 

X 

X 

Thryonomys  sp. 

X 

X 

Lagomorpha 

X 

Theropithecus  oswaldi 

X 

X 

X 

X 

Theropithecus  sp. 

X 

Papio  sp. 

X 

Cercopithecidae  indet. 

X 

X 

Australopithecus  boisei 

X 

Homo  habilis 

X 

Homo  erectus 

X 

X 

Canis  cf.  mesomelas 

X 

X 

cf.  Lycaon  sp. 

X 

Crocuta  crocuta 

X 

X 

Hyaena  hyaena 

X 

X 

Homotherium  problematicus 

X 

Carnivora  indet. 

X 

Deinothenum  bozasi 

X 

X 

Loxodonta  sp. 

X 

Elephas  recki  shungurensis 

X 

Elephas  recki  ileretensis 

X 

Elephas  recki  recki 

X 

Hipparion  cornelianum 

X 

Hipparion  ethiopicum 

X 

X 

X 

Equus  sp. 

X 

X 

X 

X 

Equidae  indet. 

X 

X 

X 

X 

Diceros  bicornis 

X 

X 

Ceratotherium  simum 

X 

X 

X 

Rhinocerotidae  gen.  indet. 

X 

Notochoerus  scotti 

X 

X 

Kolpochoerus  limnetes 

X 

X 

X 

X 

Kolpochoerus  majus 

X 

Metridiochoerus  andrewsi 

X 

X 

Metridiochoerus  hopwoodi 

X 

X 

Metridiochoerus  modestus 

X 

X 

Metridiochoerus  compactus 

X 

X 

X 

Potamochoerus  porcus 

X 

X 

Phacochoerus  aethiopicus 

X 

Hexaprotodon  protamphibius 

X 

Hexaprotodon  karumensis 

X 

X 

X 

Hippopotamus  gorgops 

X 

X 

X 

Hippopotamus  aethiopicus 

X 

X 

X 

Hippopotamus  amphibius 

X 

Table  4.  Continued. 


Assemblages* 

6 

7 

8 

Galana 
9 Boi 

Sivatherium  maurusium 

X 

X 

Giraffa  cf.  Camelopardalis 

X 

Giraffa  sp. 

X 

X 

Tragelaphus  strepsiceros 

X 

X 

X 

X 

Tragelaphus  scriptus 

X 

X 

Tragelaphus  nakuae 

X 

Tragelaphini  sp. 

X 

Syncerus  cf.  c offer 

X 

Syncerus  sp. 

X 

X 

Pelorovis  new  species 

X 

X 

Pelorovis  sp. 

X 

X 

X 

Hippotragus  gigas 

X 

X 

Kobus  ellipsiprymnus 

X 

Kobus  sigmoidalis 

X 

Kobus  ellip/sigm 

X 

Kobus  kob 

X 

Kobus  leche 

X 

Menelikia  lyrocera 

X 

X 

Reduncini  large 

X 

X 

Reduncini  medium 

X 

X 

X 

X 

Reduncini  small 

X 

X 

X 

X 

Megalotragus  sp. 

X 

X 

X 

X 

Connochaetes  new  species 

X 

X 

Damaliscus  sp. 

X 

X 

Medium  alcelaphini 

X 

X 

X 

X 

Small  alcelaphini 

X 

X 

X 

X 

Aepyceros  melampus 

X 

X 

X 

X 

Antidorcas  recki 

X 

X 

Gazella  janenschi 

X 

X 

Gazella  praethomsoni 

X 

X 

Gazella  sp. 

X 

X 

X 

Caprini  sp.  A 

X 

Caprini  sp.  B 

X 

Caprini  sp.  C 

X 

Caprini  gen.  indet. 

X 

* Members  (Sites):  6 Kalochoro  (KK,  KG,  LAI);  7 Kaitio  (KL3, 
KL4,  KL6,  LK4,  NY2^L  KS1-2,  NN);  8 Natoo  (NT,  LK3,  KL1- 
2.  KL5,  NK2,  KI2);  9 Nariokotome  (KI1,  NCI-3).  The  Galana  Boi 
Formation  consists  of  Holocene  lacustrine  and  fluviatile  sediments. 

older  than  other  sites  in  the  upper  Lomekwi  Member  as 
indicated  by  the  presence  of  E.  recki  brumpti  as  well  as  E. 
recki  shungurensis. 

The  upper  Lomekwi  Member  assemblage  is  chronologi- 
cally equivalent  to  assemblages  from  Shungura  Member  C 
and  to  those  from  the  youngest  portion  of  the  Tulu  Bor 
Member  (between  the  Hasuma  and  Burgi  tuffs)  at  Koobi 
Fora. 

Lckalalei  Member  Assemblage  (Table  3:  5) 

Sites  L07  and  L08  are  in  the  lower  reaches  of  the  Laga 
Lomekwi  and  represent  levels  that  lie  within  the  Lokalalei 


1 18  Contributions  in  Science,  Number  399 


Harris  et  al.:  West  Turkana  Fossil  Sites 


Member.  The  reduncine  bovid  Menelikia  lyrocera  makes  its 
first  appearance  west  of  Lake  Turkana  at  this  level,  perhaps 
having  evolved  from  Menelikia  sp.,  which  makes  its  last 
appearance  in  this  interval.  Caprini  sp.  A also  makes  its 
initial  appearance.  Appearing  for  the  last  time  in  the  sequence 
are  Tragelaphus  nakuae,  Kobas  sp.  C,  and  Aepyceros  shun- 
gurae.  The  sample  size  of  this  assemblage  is  small.  Reduncine 
bovids  predominate  and  the  only  suid  present  is  Kolpocho- 
erus  limnetes. 

Because  of  the  discontinuity  of  exposures  in  the  lower 
reaches  of  the  Laga  Lomekwi  and  the  lack  of  extensive  mark- 
er horizons,  the  stratigraphic  placement  of  the  Lokalalei 
Member  assemblage  is  less  precise  than  that  of  the  others. 
The  member  is  confined  between  the  Lokalalei  Tuff  (=  D) 
and  Kalochoro  Tuff  (=  F)  and  the  assemblage  is  therefore 
temporally  equivalent  to  Shungura  Members  D or  E.  At  Koobi 
Fora  the  sequence  equivalent  to  Shungura  Members  D,  E, 
F,  and  the  lower  portion  of  Member  G is  either  missing  or 
unfossiliferous. 

Kalochoro  Member  Assemblage  (Table  4:  6) 

The  fossiliferous  horizons  of  localities  LAI,  KK,  and  KG1- 
2 lie  above  the  Kalochoro  Tuff  (=  F)  in  the  Kalochoro  Mem- 
ber. A significant  change  in  faunal  composition  is  encoun- 
tered in  this  interval.  The  genus  Eqaus  occurs  for  the  first 
time  in  the  West  Turkana  succession.  Theropithecus  is  rep- 
resented by  T.  oswaldi  instead  of  T.  brumpti  that  is  found  at 
earlier  horizons  while,  similarly,  Hipparion  ethiopicum  re- 
places H.  hasumense.  These  faunas  are  also  the  youngest  in 
which  Elephas  recki  shungnrensis  and  the  hippo  Hexapro- 
todon  protamphibius  appear.  A jackal  ( Canis  cf.  C.  meso- 
melas)  and  the  spotted  hyaena  Crocuta  crocuta  occur  for  the 
first  time  west  of  Lake  Turkana  while  a larger  canid  (cf. 
Lycaon  sp.)  is  known  only  from  this  interval.  Menelikia  lyr- 
ocera is  common  and  has  long  lyrate  horn  cores  that  are 
similar  to  those  from  the  middle  portions  of  the  Omo  Shun- 
gura succession  and  which  contrast  with  the  shorter  lyrate 
horn  cores  occurring  in  the  upper  Burgi  Member  of  the  Koobi 
Fora  succession.  At  this  point  in  the  West  Turkana  succession 
a form  similar  to  the  extant  impala  replaces  A.  shungurae, 
Ugandax  sp.  occurs  for  the  last  time,  and  Pe/orovis  sp.  and 
Gazella  praethomsoni  make  their  initial  appearance.  Tra- 
gelaphus nakuae  is  represented  at  LAI  and  constitutes  the 
last  occurrence  of  this  species  in  the  West  Turkana  succes- 
sion, whereas  the  greater  kudu  Tragelaphus  strepsiceros  oc- 
curs for  the  first  time  in  KG1;  it  is  conceivable  that  LAI 
slightly  predates  KG1  but  the  tragelaphine  samples  are  small 
and  both  species  occur  together  at  later  horizons  in  the  Koobi 
Fora  and  Shungura  formations.  The  proportion  of  alcela- 
phines  in  the  assemblage  increases  over  that  found  in  the 
subjacent  assemblage  but  reduncines  continue  as  the  com- 
monest bovids  and  Notochoerus  scott i is  the  commonest  suid. 
One  hominid  (Homo  habilis)  cranial  fragment  has  been  re- 
covered from  this  interval. 

The  presence  of  Equus  and  of  Tragelaphus  strepsiceros  in 
this  assemblage  signifies  temporal  equivalence  with  Shun- 


gura Member  G rather  than  Member  F.  The  presence  of  the 
long  and  lyrate-horned  morph  of  Menelikia  lyrocera  suggests 
that  the  Kalochoro  Member  assemblage  predates  the  assem- 
blages from  the  upper  portion  of  the  Burgi  Member  at  Koobi 
Fora  (the  Mesochoerus  limnetes  Zone  of  Maglio  (1972)  or 
Notochoerus  scotti  Zone  of  Harris  ( 1 983:fig.  1 . 1 0)  or  Zone  D 
of  Harris  (1985).  The  closest  correlation  is  thus  with  the  lower 
part  of  Shungura  Member  G. 

Kaitio  Member  Assemblage  (Table  4:7) 

Localities  KJL3-4,  KL6,  LK4,  NY2-4,  KSI-2,  NN,  and  NT 
lie  between  the  Malbe  Tuff  (=  H4)  and  Okote  Tuff,  and  some 
are  prolifically  fossiliferous.  Three  Metridiochoerus  species— 
M.  hopwoodi,  M.  modestus,  and  M.  compact  us— and  three 
hippo  species —Hexaprotodon  karumensis,  Hippopotamus 
gorgops.  and  Hip.  aethiopicus— make  their  initial  appearance 
in  the  succession  as  does  Connochaetes  new  species.  Last 
occurrences  include  Homotherium  problematicus.  Deino- 
therium  bozasi,  Notochoerus  scotti.  and  Metridiochoerus  an- 
drewsi.  Elephants  are  uncommon  at  these  localities  but  spec- 
imens of  Elephas  recki  ileretensis  and  of  an  undetermined 
species  of  Loxodonta  have  been  recovered.  These  two  taxa 
and  Hipparion  cornelianum,  Pe/orovis  new  species,  Hippo- 
tragus  gigas.  and  Caprini  sp.  B make  their  only  appearance 
west  of  Lake  Turkana  in  this  unit.  Tragelaphines  and  alce- 
laphines  are  the  commonest  bovids  from  this  interval  except 
at  KS1  where  reduncines  predominate.  Australopithecus  boisei 
specimens  have  also  been  recovered  from  sites  in  this  unit. 

The  Kaitio  Member  assemblage  is  temporally  equivalent 
to  the  abundantly  fossiliferous  KBS  Member  from  Koobi 
Fora  (=  Zone  E of  Harris,  1985;  Metridiochoerus  andrewsi 
Zone  of  Maglio,  1972  and  Harris,  1983)  and  to  the  less  well 
known  assemblages  from  Shungura  Member  H and  the  lower 
part  of  Shungura  Member  J. 

Natoo  Member  Assemblage  (Table  4:  8) 

There  is  a further  group  of  localities  from  the  northern  half 
of  the  region  that  have  yielded  mammalian  fossils  from  ho- 
rizons between  the  Okote  and  Nariokotome  tuffs.  These  in- 
clude KL1-2,  KL5,  LK3,  and  NK3  which  has  yielded  spec- 
imens of  Homo  erectus  (Brown  et  al.,  1985).  Kobus  cf.  K. 
kob  occurs  for  the  first  time  in  the  West  Turkana  succession. 
Making  their  last  appearance  in  this  unit  are  the  giraffids 
Sivatherium  maurusium  and  Giraffa  sp.,  and  the  bovids  Ko- 
bus sigmoidalis,  Menelikia  lyrocera.  Connochaetes  new 
species,  Parmularius  sp.,  Gazella  cf.  G.  janenschi,  and  G. 
praethomsoni.  The  commonest  suid  is  the  large  and  hypso- 
dont  Metridiochoerus  compactus,  known  previously  in  the 
succession  from  a couple  of  specimens  high  in  the  sequence 
at  KL6.  Alcelaphines  are  the  commonest  bovids  from  this 
interval. 

The  Natoo  Member  assemblage  correlates  with  that  from 
the  Okote  Member  at  Koobi  Fora  (=  Zone  F of  Harris  (1985); 
Metridiochoerus  compactus  Zone  of  Harris  (1983)  or  Loxo- 
donta africana  Zone  of  Maglio  (1972)  and  with  assemblages 


Contributions  in  Science,  Number  399 


Harris  et  al.:  West  Turkana  Fossil  Sites  119 


from  upper  Member  J,  Member  K,  and  perhaps  the  lowest 
part  of  Member  L,  from  the  Shungura  succession. 

Nariokotome  Member  Assemblage  (Table  4:  9) 

The  youngest  fossil  mammals  from  the  Nachukui  Formation 
are  from  NCI -3  at  the  head  of  the  Laga  Nachukui  in  the 
Nariokotome  Member.  Making  their  first  appearance  in  this 
member  are  the  most  progressive  subspecies  of  the  E/ephas 
recki  lineage— Elephas  recki  recki— and  the  extant  (or  closely 
comparable)  species  Hippopotamus  amphibius,  Giraffa  cf. 
G.  Camelopardalis , Kobus  ellipsiprymnus,  and  Syncerus  cf. 
S.  caffer.  Metridiochoerus  compactus  is  again  the  most  com- 
mon suid  while  alcelaphines  and  reduncines  predominate 
among  the  bovids. 

The  Nariokotome  Member  assemblage  comes  from  above 
the  Nariokotome  Tuff  complex,  which  postdates  the  base  of 
Shungura  Member  L.  and  the  Chari  Member  at  Koobi  Fora. 
This  assemblage  is  thus  correlative  with,  or  younger  than, 
the  rather  sparse  assemblages  from  the  youngest  portions  of 
the  Shungura  and  Koobi  Fora  formations. 

PALEOENVIRONMENTAL  IMPLICATIONS 

As  at  Koobi  Fora  and  in  the  lower  Omo  Valley,  the  West 
Turkana  region  evidently  supported  a larger  and  more  di- 
verse suite  of  mammals  during  the  Plio-Pleistocene  than  it 
does  today.  The  current  paucity  of  endemic  mammals  is  in 
part  due  to  the  less  favorable  (more  arid)  climate  and  in  part 
to  human  influence,  particularly  the  intemperate  overgrazing 
by  domestic  stock  during  historic  times.  Most  constituents 
of  the  late  Pliocene  assemblages  from  the  West  Turkana  re- 
gion occurred  contemporaneously  elsewhere  in  the  northern 
part  of  the  Lake  Turkana  Basin  and  many  were  more  widely 
distributed.  At  West  Turkana,  as  at  Omo  and  Koobi  Fora, 
a major  change  in  the  prevailing  faunal  composition  was 
encountered  about  2 million  years  ago,  coincident  with  the 
immigration  of  Equus  into  the  region.  This  change,  which 
was  by  no  means  instantaneous,  saw  replacement  of  the  The- 
ropithecus,  Hipparion,  hippo,  and  bovid  species  which  pre- 
viously predominated  in  the  region  by  more  progressive  rep- 
resentatives of  their  families,  resulting  accordingly  in  a 
different  early  Pleistocene  suite  of  mammals. 

So  far  only  relatively  small  samples  have  been  retrieved 
from  the  West  Turkana  localities  and  many  species  are  rep- 
resented by  a mere  handful  of  specimens  from  any  one  site. 
Continued  collecting  might  thus  dramatically  affect  the  pro- 
portions of  faunal  elements  represented  at  individual  sites 
and  hence  the  preliminary  paleoenvironmental  reconstruc- 
tions attempted  below.  In  regional  terms,  however,  the  fau- 
nas from  West  Turkana,  Koobi  Fora,  and  the  lower  Omo 
Valley  are  broadly  comparable  in  chronologically  equivalent 
portions  of  their  sequences. 

The  bovids,  which  represent  more  than  40%  of  the  total 
sample  collected  from  west  Turkana  and  more  than  40%  of 
the  mammalian  species  recognized  from  the  sequence,  pro- 
vide interesting  indications  of  the  environmental  conditions 
that  prevailed  throughout  much  of  the  succession.  Such  in- 
terpretation was  attempted  on  the  assumption  that  extinct 


members  of  the  bovid  tribes  shared  similar  habitat  prefer- 
ences to  those  of  their  extant  counterparts.  For  purposes  of 
preliminary  interpretation  it  was  assumed  that  tragelaphines 
and  Aepyceros  species  represented  woodland  or  forest  edge, 
bovines  represented  woodland  or  grassland,  reduncines  sug- 
gested wet  grassland  (grassland  with  standing  bodies  of  water), 
and  alcelaphines,  antilopines,  and  caprines  were  indicative 
of  open  arid  grassland  and/or  scrub  (see  Table  7). 

Williamson  (1985)  recorded  the  occurrence  of  the  proso- 
branch  gastropod  Potadoma  in  the  West  Turkana  succession 
from  a horizon  a short  distance  above  the  Tulu  Bor  Tuff 
(lower  Lomekwi  Member)  and  interpreted  this,  and  the  oc- 
currence of  the  anacardiacean  tr  ee  Antrocaryon,  at  correlative 
horizons  in  the  Usno  and  Shungura  formations  of  the  lower 
Omo  Valley,  as  evidence  of  a short-lived  expansion  of  rain 
forest  during  this  interval  in  the  Lake  Turkana  Basin.  The 
sparse  mammalian  faunas  from  horizons  predating  the  Tulu 
Bor  Tuff  do  not  provide  unequivocal  indication  of  environ- 
mental conditions  that  prevailed  during  the  accumulation  of 
the  Kataboi  Member,  but  some  environmental  change  is 
suggested  by  the  change  in  impala  and  hippo  species  at  the 
Tulu  Bor  marker  horizon.  As  seen  from  Table  7,  the  bovids 
from  the  lower  Lomekwi  Member,  in  which  the  widespread 
rain  forest  supposedly  occurred,  comprise  a mixture  of  wood- 
land and  forest  edge  species  (tragelaphines,  bovines,  and  im- 
palas)  with  a lesser  proportion  of  open  drier  savanna  species 
(alcelaphines,  antilopines,  and  caprines). 

Using  the  information  available  at  the  end  of  the  second 
(1985)  collecting  season,  two  cycles  of  change  in  the  pre- 
vailing habitats  could  be  inferred.  In  the  lower  third  of  the 
section,  the  upper  Kataboi  Member  and  lower  and  middle 
portions  of  the  Lomekwi  Member,  one  might  infer  from  the 
proportions  of  represented  bovid  tribes  a progressive  reduc- 
tion in  woodland  with  a corresponding  increase  in  open  dry 
grassland.  In  the  middle  third  of  the  section,  the  upper  Lo- 
mekwi Member  and  the  Lokalalei  and  Kalochoro  members, 
a predominance  of  wet  grassland  seemed  to  be  indicated  with 
relatively  minor  proportions  of  woodland  and  arid  grassland. 
This  cycle  was  repeated  in  the  upper  third  of  the  section  with 
woodland  predominating  in  the  Kaitio  Member,  arid  grass- 
land in  the  Natoo  Member,  and  with  an  increase  in  the  pro- 
portion of  wet  grassland  in  the  uppermost  part  of  the  fossil- 
iferous  succession— the  Nariokotome  Member.  A possible 
explanation  of  such  observations  would  be  that  the  inferred 
habitat  changes  reflected  cyclic  climatic  change  (two  or  per- 
haps three  phases  of  progressive  increase  in  rainfall)  and/or 
repetition  of  tectonic  modification  of  the  Lake  Turkana  basin 
that  affected  the  areal  extent  of  the  proto-Lake  Turkana. 

As  summarized  by  Van  Zinderen  Bakker  and  Mercer  (1986: 
227),  the  worldwide  climatic  cooling  encountered  at  2.5  Ma 
had  far-reaching  effects  on  the  paleoecology  of  Africa,  estab- 
lishing the  Sahara  desert,  and  modifying  the  closed  forests 
and  woodlands  of  East  Africa  into  savanna  and  grasslands. 
The  paleoenvironmental  change,  suggested  by  the  different 
proportions  of  bovid  tribes  represented  in  the  upper  part  of 
the  Lomekwi  Member  (from  above  the  Emekwi  Tuff  (=  C9) 
dated  at  just  over  2.5  Ma)  from  those  encountered  earlier  in 
the  succession,  might  be  construed  as  a local  manifestation 
of  this  major  climatic  event. 
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Table  5.  Distribution  of  West  Turkana  fossil  mammals  by  site. 


Site 

BOV 

GIR 

SCI 

HIP 

EQU 

RHI 

DEI 

ELE 

CAR 

PRI 

HOM 

SUM 

NS1 

2 

1 

2 

1 

2 

8 

LK1 

10 

6 

5 

1 

1 

1 

1 

25 

LK2 

1 

2 

1 

4 

L04 

45 

2 

40 

5 

14 

8 

7 

4 

15 

3 

143 

L05 

65 

1 

23 

2 

7 

5 

1 

4 

6 

26 

2 

142 

L06 

2 

2 

1 

1 

6 

L09 

27 

1 

6 

1 

1 

2 

2 

2 

3 

45 

LOIO 

5 

5 

2 

3 

4 

1 

5 

2 

27 

KU1 

12 

2 

8 

1 

2 

1 

3 

7 

36 

KU2 

32 

1 

16 

1 

4 

1 

1 

1 

7 

1 

65 

KU3 

5 

1 

1 

7 

LOl 

35 

1 

8 

3 

1 

1 

1 

16 

1 

67 

L02 

2 

2 

2 

1 

1 

8 

L03 

10 

2 

5 

8 

1 

5 

3 

1 

35 

L07 

3 

3 

L08 

16 

3 

2 

1 

1 

23 

LAI 

15 

1 

8 

6 

1 

31 

KK 

25 

1 

4 

8 

7 

2 

2 

49 

KG1 

22 

6 

3 

1 

2 

3 

2 

1 

40 

KG  2 

2 

1 

3 

KL3 

1 1 

7 

1 

3 

2 

24 

KL6 

20 

4 

3 

2 

1 

30 

LK4 

4 

4 

3 

2 

13 

NY2 

16 

8 

3 

1 

1 

2 

3 

1 

35 

NY  3 

16 

6 

2 

2 

1 

27 

NY4 

2 

1 

2 

5 

KS1 

14 

12 

8 

3 

1 

1 

1 

40 

KS2 

1 

1 

NN 

2 

1 

2 

1 

1 

7 

NT 

2 

2 

KL1 

30 

2 

24 

11 

17 

1 

2 

2 

89 

KL2 

6 

4 

10 

KL5 

3 

1 

2 

6 

LK3 

6 

5 

3 

1 

15 

NK3 

1 

2 

1 

2 

6 

NCI 

16 

2 

14 

5 

8 

2 

3 

1 

1 

52 

NC2 

2 

1 

4 

1 

1 

2 

11 

NC3 

1 

1 

2 

KI1 

1 

1 

KI2 

4 

2 

6 

KI3 

1 

1 

KL4 

1 

2 

1 

4 

NK1 

3 

1 

4 

NK2 

1 

1 

2 

NY1 

2 

2 

Total 

499 

24 

240 

80 

95 

37 

10 

36 

34 

94 

13 

1162 

BOV  = Bovidae,  GIR  = Giraffidae,  SUI  = Suidae,  HIP  = Hippopotamidae,  EQU  = Equidae,  RHI  = Rhinocerotidae,  DEI  = Deinotheriidae, 
ELE  = Elephantidae,  CAR  = Carnivora,  PRI  = non-hominid  primates,  HOM  = Hominidae. 


The  last  2 million  years  have  been  characterized  by  21 
marine  oxygen  isotope  stages  which  alternated  from  colder 
to  warmer  conditions,  increasing  in  frequency  and  amplitude 
during  the  Pleistocene  to  culminate  in  full  glacial/interglacial 
cycles.  However,  during  the  interval  1.9-1  Ma,  the  climatic 
fluctuations  did  not  result  in  a gradual  deterioration  of  cli- 
mate but  rather  contributed  to  a “standstill”  of  climatic  con- 
ditions (Van  Zinderen  Bakker  and  Mercer,  1986:229).  Harris 
(1983:3 1 5)  interpreted  changes  in  the  early  Pleistocene  mam- 


mal assemblages  from  Koobi  Fora  as  representing  response 
to  a progressive  decrease  in  humidity  that  was  periodically 
interrupted  by  more  humid  intervals;  similar  climatic  oscil- 
lations have  been  inferred  from  the  paleofloras  from  Olduvai 
Gorge  (Bonnefille,  1979).  It  is  interesting  that  during  this 
interval,  “cool”  maxima  are  documented  from  deep-sea  cores 
in  the  Atlantic  (Van  Donk,  1976)  and  Pacific  oceans  (Shack- 
leton  and  Opdyke,  1976)  at  times  coincident  with  eruption 
of  the  KBS  and  Okote  tuffs  which,  in  turn,  fortuitously  define 
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Table  6.  Distribution  of  West  Turkana  fossil  mammal  specimens  by  member. 


Site 

BOV 

GIR 

SUI 

HIP 

EQU 

RHI 

DEI 

ELE 

CAR 

PRI 

HOM 

SUM 

Kataboi  Member 

NS1 

2 

1 

2 

1 

2 

8 

LK1 

10 

6 

5 

1 

1 

1 

1 

25 

LK2 

1 

2 

1 

4 

L06 

2 

2 

1 

1 

6 

Total 

15 

1 

12 

7 

4 

1 

1 

1 

1 

0 

0 

43 

Lower  Lomekwi  Member 

LO< 

45 

2 

40 

5 

14 

8 

7 

4 

15 

3 

143 

L05 

65 

1 

23 

2 

7 

5 

1 

4 

6 

26 

2 

142 

Total 

110 

3 

63 

7 

21 

13 

1 

1 1 

10 

41 

5 

285 

Middle  Lomekwi  Member 

L09 

27 

1 

6 

1 

1 

2 

2 

2 

3 

45 

LOIO 

5 

5 

2 

3 

4 

1 

5 

2 

27 

Total 

32 

1 

1 1 

3 

4 

4 

2 

3 

7 

5 

0 

72 

Upper  Lomekwi  Member 

KU1 

12 

2 

8 

1 

2 

1 

3 

7 

36 

KU2 

32 

1 

16 

1 

4 

1 

1 

1 

7 

1 

65 

KU3 

5 

1 

1 

7 

LOl 

35 

1 

8 

3 

1 

1 

1 

16 

1 

67 

L02 

2 

2 

2 

1 

1 

8 

L03 

10 

2 

5 

8 

1 

5 

3 

1 

35 

Total 

96 

6 

40 

5 

9 

8 

3 

10 

5 

33 

3 

218 

Lokalalei  Member 

L07 

3 

3 

L08 

16 

3 

2 

1 

1 

23 

Total 

19 

0 

3 

2 

I 

0 

0 

1 

0 

0 

0 

26 

Kalochoro  Member 

LAI 

15 

1 

8 

6 

1 

31 

KK 

25 

1 

4 

8 

7 

2 

2 

49 

KG1 

22 

6 

3 

1 

2 

3 

2 

1 

40 

KG2 

2 

1 

3 

KI3 

1 

1 

KL4 

1 

2 

1 

4 

Total 

66 

8 

14 

8 

17 

0 

2 

4 

6 

2 

1 

128 

Kaitio  Member 

KL3 

1 1 

7 

1 

3 

2 

24 

KL6 

20 

4 

3 

2 

1 

30 

LK4 

4 

4 

3 

2 

13 

NY2 

16 

8 

3 

1 

1 

2 

3 

1 

35 

NY3 

16 

6 

2 

2 

1 

27 

NY4 

2 

1 

2 

5 

KS1 

14 

12 

8 

3 

1 

1 

1 

40 

KS2 

1 

1 

NY2 

2 

2 

Total 

86 

0 

42 

20 

9 

7 

0 

3 

2 

6 

2 

177 

Natoo  Member 

NN 

2 

1 

2 

1 

1 

7 

NT 

2 

2 

KL1 

30 

2 

24 

11 

17 

1 

2 

2 

89 

KL2 

6 

4 

10 

KL5 

3 

1 

2 

6 

LK3 

6 

5 

3 

1 

15 

NK3 

1 

2 

1 

2 

6 
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Table  6.  Continued. 


Site 

BOV 

GIR 

SUI 

HIP 

EQU 

RHI 

DEI 

ELE 

CAR 

PRI 

HOM 

SUM 

KI2 

4 

2 

6 

NK2 

1 

1 

2 

Total 

53 

2 

37 

21 

20 

1 

1 

0 

2 

4 

2 

143 

Nariokotome  Member 

NCI 

16 

2 

14 

5 

8 

2 

3 

1 

1 

52 

NC2 

2 

1 

4 

1 

1 

2 

1 1 

NC3 

1 

1 

2 

KI1 

1 

1 

Total 

19 

3 

18 

6 

10 

3 

0 

3 

1 

3 

0 

66 

BOV  = Bovidae,  GIR  = Giraffidae,  SUI  = Suidae,  HIP  = Hippopotamidae,  EQU  = Equidae,  RHI  = Rhinocerotidae,  DEI  = Deinotheriidae, 
ELE  = Elephantidae,  CAR  = Carnivora,  PRI  = non-hominid  primates,  HOM  = Hominidae. 


changes  in  composition  of  the  faunas  from  the  Lake  Turkana 
Basin.  It  is  possible  that  the  observed  faunal  change  reflects 
worldwide  but  minor  climatic  fluctuation.  It  is  likely,  how- 
ever, that  tectonic  modification  of  the  Lake  Turkana  Basin, 
particularly  as  this  would  have  affected  the  hydrographic 
configuration  of  the  region,  also  contributed  to  the  nature  of 
the  changes  observed  in  the  faunas. 

As  summarized  by  Harris  (1983:313-315),  various  other 
lines  of  evidence  indicate  that  during  the  Pliocene  and  early 
Pleistocene  the  Lake  Turkana  basin  was  cooler  and  more 
humid  than  it  is  at  present,  but  that  there  was  a progressive 
decrease  in  humidity  from  the  earlier  to  the  later  parts  of  the 
succession.  Progressive  increase  in  hypsodonty  in  the  teeth 
of  the  Elephas  recki  lineage,  members  of  the  Notochoerus, 
Kolpochoerus,  and  Metridiochoerus  lineages,  and  perhaps, 
though  less  well  documented,  in  long-lived  hippo  and  rhino 
species,  could  conceivably  be  construed  as  reactions  to  change 
in  available  dietary  resources  imposed  by  increasing  aridity. 
Cerling  (1979:276-280)  identified  a major  environmental 
change  at  the  junction  of  the  upper  Burgi  and  KBS  members 
in  the  Koobi  Fora  succession  (more  or  less  equivalent  to  the 
Kalochoro  and  Kaitio  members  west  of  Lake  Turkana),  but 
the  changes  seen  in  the  West  Turkana  faunas  seem  at  least 
in  part  to  anticipate  the  change  interpreted  from  the  strata 
to  the  east  of  the  lake.  Although  the  composition  of  a fossil 
assemblage  is  influenced  by  prevailing  climatic  conditions, 
it  is  also  influenced  by  the  nature  of  the  available  habitats. 
This  point  was  brought  home  by  the  discovery  in  1986  of 
KS1,  an  abundantly  fossiliferous  locality  in  the  Kaitio  Mem- 
ber. At  KS1  reduncines  were  the  commonest  bovids,  in  con- 
trast to  other  sites  from  this  member  where  tragelaphines 
predominated.  An  explanation  for  the  differential  distribu- 
tion of  bovid  tribes  within  this  and  other  members  was  pro- 
vided by  investigation  of  the  facies  from  which  the  bovids 
were  recovered. 

Today  the  western  margin  of  the  Lake  Turkana  basin  is 
formed  by  the  Labur  and  Murua  Rith  ranges.  These  provide 
the  catchment  for  small  ephemeral  streams  that  drain  east- 
ward into  Lake  Turkana.  These  low  western  mountains  are 


also  cut  through  by  several  larger  but  still  ephemeral  rivers 
(the  Lagas  Kataboi,  Topemawi,  Kokiselei,  Nariokotome)  that 
have  sources  still  farther  to  the  west.  Examination  of  the 
facies  represented  in  the  West  Turkana  succession,  and  par- 
ticularly the  river  channel  and  lake  margin  deposits,  suggests 
similar  distribution  of  depositional  environments  along  the 
western  margin  of  the  basin  during  the  Plio-Pleistocene  but 
with  the  ephemeral  rivers  sometimes  draining  into  a major 
permanent  river  (the  proto-Omo)  rather  than  a lake. 

Were  the  temperature  cooler  and/or  the  climate  more  hu- 
mid at  that  time,  as  seems  to  be  indicated  by  palynological 
and  other  evidence  from  elsewhere  in  the  basin,  the  westerly 
hills  might  have  been  clothed  with  denser  vegetation  than 
that  of  today  and  thus  capable  of  supporting  the  tragelaphine 
and  impala  populations  preserved  in  the  fossiliferous  se- 
quence. Given  such  a scenario  one  might  predict  that,  re- 
gardless of  their  position  in  the  stratigraphic  sequence,  those 
localities  closest  to  the  ranges  that  formed  the  western  basin 
margin  would  be  characterized  by  a predominance  of  tra- 
gelaphines and  impalas.  Alcelaphines  and  antilopines,  on  the 
other  hand,  representing  more  open  grassland  conditions, 
would  constitute  a greater  proportion  in  the  faunas  from 
localities  farther  to  the  east  (near  the  lake  margin  or  on  the 
Omo  floodplain,  depending  on  the  time  interval  sampled). 
One  might  further  expect  to  preferentially  encounter  the  water- 
frequenting  reduncines  at  those  localities  adjacent  to  the 
courses  of  the  larger  eastward-draining  rivers  (which  during 
the  Plio-Pleistocene  could  conceivably  have  been  permanent 
rather  than  ephemeral).  Such  predictions  are  indeed  borne 
out  by  analysis  of  the  depositional  facies  from  which  the 
bovid  samples  were  retrieved. 

The  observed  distribution  of  bovid  tribes  sampled  from 
the  West  Turkana  fossil  localities  agrees  very  closely  with 
predictions  based  on  the  existing  geographic  framework  but 
entailing  a (slightly)  more  humid  environment.  Such  close 
agreement  in  turn  suggests  that  the  climatic  changes  repre- 
sented in  the  time  interval  under  consideration  did  not  have 
a profound  effect  on  either  habitat  or  fauna.  This  is  not 
entirely  unexpected  because  the  West  Turkana  region  formed 
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Table  7.  Distribution  of  West  Turkana  bovid  specimens  by  tribe, 
member,  and  locality. 


Site 

TRAG 

+ AEP  BOV 

RED 

ALC 
+ ANT 
+ C 

HIP 

Total 

Kataboi  Member 

NS1 

1 

1 

2 

LK1 

4 

2 

3 

9 

LK2 

2 

2 

L06 

2 

2 

Total 

7 

0 

3 

5 

0 

15 

Percent 

47 

0 

20 

33 

0 

100 

Lower  Lomekwi  Member 

L04 

26 

2 

6 

12 

46 

L05 

25 

1 

7 

24 

1 

58 

Total 

51 

3 

13 

36 

1 

104 

Percent 

49 

3 

12 

35 

1 

100 

Middle  Lomekwi  Member 

L09 

5 

4 

6 

13 

28 

LO10 

2 

3 

5 

Total 

7 

4 

6 

16 

0 

33 

Percent 

21 

12 

18 

48 

0 

100 

Upper  Lomekwi  Member 

KU1 

2 

4 

6 

12 

KU2 

7 

1 

18 

7 

33 

KU3 

1 

3 

1 

5 

LOl 

1 

22 

8 

1 

32 

L03 

3 

1 

2 

4 

10 

Total 

14 

2 

51 

26 

1 

94 

Percent 

15 

2 

54 

28 

1 

100 

Lokalalei  Member 

L07 

2 

1 

3 

L08 

4 

1 

9 

1 

15 

Total 

4 

1 

1 1 

2 

0 

18 

Percent 

22 

6 

61 

1 1 

0 

100 

Kalochoro  Member 

LAI 

5 

4 

5 

14 

KK 

2 

2 

12 

9 

25 

KG1 

2 

2 

10 

9 

23 

KG2 

1 

1 

2 

KI3 

1 

1 

2 

KL4 

1 

1 

Total 

9 

6 

27 

25 

0 

67 

Percent 

13 

9 

40 

37 

0 

100 

Kaitio  Member 

KL3 

3 

1 

1 

5 

10 

KL6 

7 

4 

3 

6 

20 

LK4 

1 

1 

NY2 

12 

1 

3 

1 

17 

NY3 

10 

1 

5 

16 

NY4 

2 

2 

KS1 

1 

1 

8 

4 

14 

KS2 

1 

1 

NY1 

0 

Total 

33 

10 

12 

25 

1 

81 

Percent 

41 

12 

15 

31 

1 

100 

Table  7.  Continued. 


Site 

TRAG 
+ AEP 

BOV 

RED 

ALC 
+ ANT 
+ C 

HIP 

Total 

Natoo  Member 

NT 

1 

1 

2 

KL1 

5 

3 

9 

13 

30 

KL2 

2 

1 

2 

5 

K.L5 

2 

1 

3 

LK3 

1 

4 

5 

NK3 

0 

KI2 

1 

2 

1 

4 

Total 

9 

6 

3 

21 

0 

49 

Percent 

19 

12 

27 

44 

0 

100 

Nariokotome  Member 

NCI 

5 

1 

4 

5 

15 

NC2 

1 

1 

1 

3 

NC3 

1 

1 

Total 

5 

2 

6 

6 

0 

19 

Percent 

26 

1 1 

32 

32 

0 

100 

TRAG  = Tragelaphini,  AEP  = Aepyceros  spp.,  BOV  = Bovini,  RED  = 
Reduncini,  ALC  = Alcelaphini,  ANT  = Antilopini,  C = Caprini, 
HIP  = Hippotragini. 


a narrow  corridor  Hanked  on  one  side  by  low  mountain  ranges 
and  on  the  other  by  a large  permanent  river  or  lake.  In  es- 
sence, it  was  a narrow  closed  enclave  protected  from  the  more 
drastic  effect  of  increasing  aridity  encountered  in  the  more 
open  country  to  the  east  of  the  basin. 

The  distribution  of  the  small  sample  of  rhinos  appears  to 
agree  with  the  above  interpretation  of  habitat  distribution. 
Thirty-five  of  the  37  rhino  specimens  were  collected  from 
10  sites  in  the  western  part  of  the  region  and  only  one  of 
these  specimens  was  from  a locality  (KS 1 ) adjacent  to  a major 
fluvial  system.  It  would  seem  that  both  genera  of  rhinos 
preferred  the  woodland/thicketed  habitats  interpreted  for  the 
western  margin  of  the  basin  rather  than  the  more  open  and/ 
or  better  watered  grassland  at  the  periphery  of  the  lake  or  on 
the  Omo  River  floodplain.  On  the  basis  of  the  small  equid 
samples  currently  available,  this  habitat  preference  seems  to 
have  been  shared  by  the  hipparions  whereas  the  equines  are 
more  abundant  at  sites  indicative  of  more  open  grassland. 

Unfortunately  the  interval  of  time  represented  by  Shun- 
gura  Members  C through  F is  largely  unrepresented  by  fos- 
siliferous  strata  in  the  Koobi  Fora  region  while  faunal  sam- 
ples from  this  interval  from  both  the  Omo  and  West  Turkana 
are  from  strata  that  accumulated  close  to  major  river  systems. 
The  effects  of  minor  climatic  fluctuation  would  be  less  readily 
felt  in  localities  adjacent  to  major  permanent  river  systems 
and  the  “mid  Shungura”  samples  may  thus  be  atypical  in 
terms  of  the  assemblages  present  elsewhere  in  the  basin,  but 
not  represented  by  fossils,  during  this  time  interval. 
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SUMMARY 

Upper  Pliocene  and  lower  Pleistocene  strata  exposed  west  of 
Lake  Turkana  between  the  settlements  of  Kalakol  (to  the 
south)  and  Lowarengak  (to  the  north)  form  part  of  the  western 
edge  of  the  Lake  Turkana  Basin.  These  lacustrine,  fluviatile, 
and  terrestrial  sediments  have  been  assigned  to  the  Nachukui 
Formation,  which  as  been  subdivided  into  eight  sequential 
members.  The  older  members  crop  out  to  the  south  of  the 
area,  the  younger  members  are  restricted  to  the  northern  part. 
The  Nachukui  Formation  may  be  correlated  with  the  Shun- 
gura  and  Usno  formations  in  the  lower  Omo  Valley,  and  with 
the  Koobi  Fora  Formation  to  the  east  of  the  lake,  by  the  tuffs 
and  mammalian  fossils  that  occur  within  the  respective  se- 
quences. 

During  the  Plio-Pleistocene,  as  today,  the  western  margin 
of  the  basin  was  formed  by  low  mountain  ranges  drained  by 
small,  eastward-flowing  rivers.  These  sometimes  fed  into  a 
lake  (the  predecessor  of  the  present  Lake  T urkana)  and  some- 
times into  a large,  southward-flowing  river  (the  forerunner 
of  the  Omo  River).  Different  facies  of  the  Nachukui  For- 
mation document  the  former  distribution  of  the  lake  margin 
and/or  floodplain  of  the  Omo  River. 

Plio-Pleistocene  strata  are  also  exposed  to  the  north  of  the 
area  near  the  Loruth  Kaado  spring,  approximately  midway 
between  the  police  posts  of  Kokuro  and  Todenyang.  These 
outcrops  have  been  only  briefly  surveyed  but  are  known  to 
contain  strata  equivalent  in  age  to  the  Lonyumun,  Kataboi, 
Kaitio,  and  Natoo  members  of  the  Nachukui  Formation. 

More  than  1000  mammalian  fossils  have  been  recovered 
from  the  Nachukui  Formation  and  the  Loruth  Kaado  ex- 
posures. The  faunal  list  numbers  more  than  90  species,  most 
of  which  have  been  previously  documented  from  the  Lake 
Turkana  Basin  but  including  primate,  carnivore,  hippo,  and 
bovid  taxa  that  are  either  new  or  new  to  the  region.  The 
monkey,  homimd,  and  carnivore  samples  include  specimens 
that  add  important  information  about  previously  known 
species.  The  faunal  samples  constitute  nine  time-successive 
assemblages,  one  per  member  except  for  the  Lomekwi  Mem- 
ber which  has  three  and  the  Lonyumun  Member  which  has 
not  yet  yielded  mammalian  fossils;  these  are  treated  as  in- 
formal zones.  All  may  be  correlated  with  assemblages  from 
other  parts  of  the  basin  but  those  from  the  Kataboi  and 
Lokalalei  members  are  not  well  documented  from  West  Tur- 
kana while  that  from  the  Nariokotome  Member  is  perhaps 
younger  than  other  faunal  samples  recovered  from  the  Koobi 
Fora  and  Shungura  formations. 

The  overall  composition  of  the  assemblages  is  suggestive 
of  environmental  conditions  that  were  cooler  and/or  more 
humid  than  those  characterizing  the  region  today.  Minor 
climatic  fluctuations  are  suggested  by  the  apparently  cyclic 
changes  observed  in  the  bovid  tribes  represented  in  different 
intervals  of  the  succession.  Although  such  changes  can  be 
related  to  worldwide  climatic  conditions,  they  might  also  be 
at  least  in  part  explained  as  the  product  of  local  tectonic 
activity  which  affected  the  basinal  drainage  regime. 


A major  change  in  the  represented  primate,  equid,  hippo, 
and  bovid  species  is  encountered  in  the  Kalochoro  and  Kaitio 
members.  This  change,  which  is  documented  also  in  the  Koobi 
Fora,  Shungura,  and  Olduvai  successions,  has  been  elsewhere 
interpreted  as  the  result  of  increased  aridity  with  the  con- 
comitant spread  of  savanna  grassland  in  which  alcelaphine 
bovids  and  the  newly  immigrant  Equus  species  predomi- 
nated. Because  of  the  geographic  setting  of  the  West  Turkana 
locality  — a narrow  corridor  bounded  to  the  west  by  low 
mountains  and  to  the  east  by  a large  lake  or  major  permanent 
river— it  seems  probable  that  any  such  climatic  changes  had 
only  minor  effect  on  the  locally  available  habitats. 

ACKNOWLEDGMENTS 

We  thank  the  Government  of  Kenya,  and  the  Governors  of 
the  National  Museums  of  Kenya  for  permission  to  study 
fossil  materials  in  the  collections.  We  also  thank  K.  Kimeu 
and  other  members  of  the  staff  of  the  National  Museums  of 
Kenya  for  assistance  in  the  field  and  laboratory.  We  are  grate- 
ful to  C.  Feibel,  C.  Black,  L.  Krishtalka,  A.  Hill,  and  G. 
Kennedy  for  helpful  comments  on  drafts  of  the  manuscript. 
During  the  course  of  this  work,  the  West  Turkana  Research 
Project  received  funding  from  the  National  Science  Foun- 
dation (BNS  8210735,  8406737,  8605687),  National  Geo- 
graphic Society,  National  Museums  of  Kenya,  and  Natural 
History  Museum  of  Los  Angeles  County.  The  figures  were 
drafted  by  P.  Onstott  and  the  photographs  were  printed  by 
the  photographic  staff  of  the  Natural  History  Museum  of  Los 
Angeles  County  and  the  National  Museums  of  Kenya,  Nai- 
robi. 

NOTE  ADDED  IN  PROOF 

Further  field  work  in  1988  located  three  new  sites:  Lokapetamoi  I 
(LP1)  and  Nabaleta  Akoit  I (NA1)  in  the  Natoo  Member  and  Na- 
chukui IV  (NC4)  in  the  Nariokotome  Member.  Additional  speci- 
mens were  recovered  from  other  previously  known  sites.  Table  4 (p. 
118)  has  been  updated  to  include  all  new  West  Turkana  stratigraphic 
records. 
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NEW  LATE  CRETACEOUS  AND  EARLY  TERTIARY 
PERISSITYIDAE  (GASTROPODA)  FROM  THE 
PACIFIC  SLOPE  OF  NORTH  AMERICA 

LouElla  R.  Saul1 


ABSTRACT.  Late  Cretaceous  Pacific  Coast  gastropods  previously 
identified  as  Hmdsia  nodulosa  (Whiteaves,  1874)  constitute  a new 
genus,  Forsia,  and  are  divided  into  three  biostratigraphically  signif- 
icant species:  F.  lorda  new  species  of  Santonian  age,  F.  baia  new 
species  of  early  Campanian  age,  and  F.  popenoei  new  name  of  mid- 
Campanian  age.  Gastropods  previously  identified  as  Fusus  kingii 
Gabb,  1864,  also  constitute  a new  genus,  Zinsitys,  and  are  divided 
into  four  biostratigraphically  significant  species:  Z.  meisteri  new 
species  of  Coniacian  age,  Z.  edwilsoni  new  species  of  Santonian  age, 
Z.  anassa  new  species  of  early  and  mid-Campanian  age,  and  Z. 
kingii  (Gabb,  1864)  of  late  Campanian  age.  Forsia  lorda  and  Zinsitys 
meisteri  are  clearly  related  to  Perissitys  cretacea  (Cooper,  1 896),  and 
these  genera  are  placed  in  the  family  Perissityidae  (Popenoe  and 
Saul,  1987).  Pseudocymia(l)  wardi  new  species  of  Santonian  age, 
Nekewis  marina  new  species  of  early  Maastrichtian  age,  and  N.  sei- 
dersi  new  species  of  late  Maastrichtian  age  are  described  as  peris- 
sityids.  The  genus  Heteroterma  Gabb,  1 869,  is  delimited  from  more 
nearly  complete  specimens,  and  the  new  species  //.(?)  acrita  is  ques- 
tionably included. 

INTRODUCTION 

This  is  the  second  part  of  a two  part  paper  describing  the 
neogastropod  family  Perissityidae  (Popenoe  and  Saul,  1987). 
It  discusses  primarily  two  lineages,  those  of  "Hindsia  nodulo- 
sa" and  "Fusus"  kingii,  and  their  relationships  to  other  pe- 
rissityids. 

The  first  notice  of  the  “ Hindsia  nodulosa"  lineage  is  the 
description  of  Fasciolaria  nodulosa  Whiteaves,  1874,  from 
British  Columbia  Nanaimo  Basin  deposits  of  Campanian 
age.  Whiteaves  (1879)  later  transferred  that  species  to  the 
genus  Hindsia,  which  he  placed  in  the  Tritoniidae  = Cy- 
matiidae.  The  outer  lip  and  the  columella  of  “ Hindsia  nodu- 
losa" have,  however,  the  distinctive  denticulations  and  pseu- 
dofolds of  a perissityid,  and  a new  genus,  Forsia,  is  proposed 
for  this  lineage.  The  earliest  Forsia  species  is  of  Santonian 
age  and  is  very  similar  to  Coniacian  and  Santonian  species 
of  Christitys  (Popenoe  and  Saul,  1987).  The  geologically 
youngest  species  of  Forsia  resembles  species  of  Nekewis 
(Stewart,  1927)  in  sculpture  and  shape,  but  differs  in  having 
a thicker  inner  lip  and  apertural  denticulations. 
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Zinsmeister  (1983)  suggested  that  Nekewis,  Cophocara 
(Stewart,  1927),  and  Heteroterma  (Gabb,  1869)  were  all  Tu- 
diclidae,  but  they  lack  the  fold  or  swelling  on  the  columella 
and  the  rounded  aperture  typical  of tudiclids.  The  confamilial 
association  of  Heteroterma  and  Nekewis  with  Cophocara,  a 
lineal  descendant  of  Perissitys  (Popenoe  and  Saul,  1987), 
places  Heteroterma  and  Nekewis  in  the  Perissityidae.  How- 
ever, these  genera  lack  the  apertural  characteristics  of  early 
perissityids,  and  their  association  remains  tentative,  depen- 
dent upon  their  postulated  derivation  from  perissityids.  Ne- 
kewis resembles  Forsia  of  mid-Campanian  age,  but  late  Cam- 
panian intermediates  between  Forsia  and  the  herein  described 
early  and  late  Maastrichtian  Nekewis  are  absent. 

Species  from  South  America  and  New  Zealand  have  been 
included  in  Heteroterma  (e.g.,  Stewart,  1927;  Finlay  and 
Marwick,  1937)  because  of  their  similarity  to  H.  gabbi  Stan- 
ton, 1896,  but  H.  gabbi  is  not  congeneric  with  H.  trochoidea 
Gabb,  1869,  the  type  of  Heteroterma.  Both  of  Stanton’s 
species,  H.  striata  and  H.  gabbi,  are  closer  to  Pyropsis  and 
belong  in  the  Tudiclidae  (Saul,  in  press). 

The  eponymous  species  of  the  second  lineage,  "Fusus" 
kingii  Gabb,  1864,  is  based  on  a fragment  from  the  Siskiyou 
Mountains,  northern  California,  that  is  little  more  than  a 
steinkern.  Nonetheless,  its  distinctive  elongate  coiling  and 
biangulate  whorl  have  caused  paleontologists  to  recognize 
"Fusus"  kingii  elsewhere  (Whiteaves,  1879,  1903;  White, 
1889;  Usher,  1952).  The  new  genus  Zinsitys  is  proposed  for 
those  species  formerly  included  in  "Fusus"  kingii.  The  oldest 
species  of  this  lineage  is  from  the  Coniacian  east  of  Redding, 
Shasta  Co.,  California,  and  is,  as  with  other  perissityid  lin- 
eages, very  similar  to  Perissitys  cretacea  (Cooper,  1 896).  Lat- 
er species,  such  as  "Fusus"  kingii  itself,  which  is  of  late 
Campanian  age,  have  less  in  common  with  other  perissityids 
of  similar  age,  e.g.,  Perissitys  pacifica  Popenoe  & Saul,  1987. 
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Figure  1.  Index  map  to  geographic  occurrence  of  studied  specimens.  Localities  are  grouped  into  areas;  the  areas  are  numbered  from  north  to 
south,  and  named  places  within  each  are  are  listed  alphabetically.  1.  Alaskan  Peninsula,  Mt.  Chiginagak  area  and  Whaler’s  Creek.  2.  Suquash 
Basin  near  Port  Hardy,  Vancouver  Island,  British  Columbia,  includes  Thomas  Point.  3.  Comox,  Vancouver  Island,  British  Columbia,  includes 
Brown’s  River,  Denman  Island,  Hornby  Island,  and  Trent  River.  4.  Nanaimo,  Vancouver  Island,  British  Columbia,  includes  Benson  (=Brannan) 
Creek,  Departure  Bay,  Elkhom  Creek,  Nanaimo  River,  Northwest  Bay,  and  Protection  Island.  5.  Sucia  Island,  San  Juan  Co.,  Washington.  6. 
Siskiyou  Mountains,  Siskiyou  Co.,  California  and  Jackson  Co.,  Oregon,  includes  Cottonwood  Creek.  7.  Redding,  Shasta  Co.,  California,  includes 
Oak  Run,  Old  Cow  Creek,  South  Cow  Creek,  and  Swede  Basin.  8.  Antelope  Creek,  Mill  Creek,  and  Tuscan  Springs,  Tehama  Co.,  California.  9. 
Chico  Creek,  Butte  Co.,  California.  10.  Martinez  and  Pacheco,  Contra  Costa  Co.,  California.  11.  East  side  of  the  Diablo  Range  from  Stanislaus 
Co.  south  to  Fresno  Co.,  California,  includes  Charleston  School  Quadrangle,  I.aguna  Seca  Creek,  Los  Banos  Creek,  Ortigalita  Creek  and  Peak, 
Panoche  Creek,  and  Silver  Creek.  12.  I_ake  Nacimiento,  southern  Santa  Lucia  Range,  San  Luis  Obispo  Co.,  California,  includes  Cantinas  Creek 
and  Dip  Creek.  13. Warm  Springs  Mountain,  Los  Angeles  Co.,  California.  14.  Pinyon  Ridge,  Rock  Creek,  Valyermo  area,  Los  Angeles  Co., 
California.  15.  Simi  Hills,  Los  Angeles  and  Ventura  cos.,  California,  includes  Bell  and  Dayton  canyons.  16.  Santa  Ana  Mountains,  Orange  Co., 
California.  17.  San  Antonio  del  Mar,  Baja  California  Norte,  Mexico. 


Indeed,  Stewart  (1927,  p.  410)  noted  that  “F.”  kingii  resem- 
bled a biangulate  Volutoderma  but  lacked  coluntellar  folds 
and  was  not  a volute. 

Forms  similar  to  both  “ Hindsia  nodulosa"  and  “ Fusus ” 
kingii  were  present  during  the  Late  Cretaceous  of  Japan. 
Among  plaster  casts  of  undescribed  Late  Cretaceous  Japanese 
gastropods  sent  by  T.  Kase  is  one  apparently  intermediate 
in  shape  and  characteristics  between  “F.”  kingii  and  Sur- 
culites  mathewsonii  Gabb,  1864.  Thus,  Surcu/ites,  which  has 


been  considered  to  be  a turrid  and  ancestral  to  Nekewis  (Hick- 
man, 1976),  may  be  a perissityid. 

MATERIALS  AND  METHODS 

Specimens  upon  which  this  study  is  based  have  been  collected  by 
paleontologists,  geologists,  students,  and  curious  laypersons  over  the 
past  century  and  a quarter.  These  specimens  have  been  preserved 
at  various  institutions,  some  of  them  not  immediately  accessible  to 
those  studying  Pacific  Slope  fossils.  Therefore,  considerable  material. 
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Figure  2.  Occurrence  of  Forsia  in  the  Chico  Formation  along  Chico 
Creek,  Butte  Co.,  California.  All  of  the  plotted  localities  yielded  Forsia. 
Column  modified  from  Saul,  1983;  Chico  Formation  members  from 
Haggart  and  Ward,  1984. 

including  type  material,  was  borrowed.  Plaster  casts  have  been  made 
of  these  types  so  that  Pacific  Slope  paleontologists  will  have  adequate 
access  to  name-bearing  specimens. 

The  matrix  of  most  specimens  studies  is  well-cemented  sandstone 
that  adheres  to  the  shell.  Notable  exceptions  are  the  Cowlitz  For- 
mation of  Washington  and  certain  localities  in  the  Rosario  For- 
mation of  southern  and  Baja  California.  The  rest  must  have  the 
matrix  removed  with  diamond  abrasive  wheels.  Fine  details  may  be 
exposed  under  a low  power  microscope  using  a well-sharpened  needle 
held  in  a pin  vise.  The  shell,  especially  of  the  outer  lip  and  anterior 
canal,  has  been  supported  by  melting  stick  shellac  and  attaching  the 
specimen  to  a cork.  When  the  specimen  is  cleaned  the  shellac  is 
removed  by  soaking  in  methanol. 

Specimens  from  more  than  70  localities  were  examined,  but  only 
those  localities  providing  type  material  or  other  notable  information 
are  described. 

Abbreviations  used  with  locality  and  catalog  numbers  are:  ANSP: 
Academy  of  Natural  Sciences  of  Philadelphia;  BCPM:  British  Co- 
lumbia Provincial  Museum,  Victoria;  CAS:  California  Academy  of 
Sciences;  GSC:  Geological  Survey  of  Canada;  CIT:  California  Insti- 
tute of  Technology;  CSMB:  California  State  Mining  Bureau;  LAC- 
MIP:  Natural  History  Museum  of  Los  Angeles  County,  Invertebrate 
Paleontology  Section;  LSJU:  Stanford  University;  UCB:  University 
ofCalifomia,  Berkeley  (Department  of  Paleontology);  UCBMP:  Uni- 


versity of  California,  Berkeley,  Museum  of  Paleontology;  UCLA: 
University  of  California,  Los  Angeles  (Department  of  Earth  & Space 
Sciences);  UCR:  University  of  California,  Riverside  (Department  of 
Geological  Sciences);  USGS:  United  States  Geological  Survey; 
USNM:  United  States  National  Museum.  CIT  and  UCLA  collections 
are  at  the  Natural  History  Museum  of  Los  Angeles  County.  LSJU 
collections  are  at  the  California  Academy  of  Sciences. 

OCCURRENCE 

Specimens  studied  have  been  found  in  deposits  of  Senonian 
through  Early  Tertiary  age  from  Alaska  to  Baja  California, 
Mexico.  Figure  1 combines  localities  into  numbered  geo- 
graphic areas  referred  to  throughout  this  paper  by  the  number 
in  brackets.  The  best  stratigraphic  sequence  of  Forsia  spec- 
imens is  from  the  Chico  Formation  on  Chico  Creek,  Butte 
Co.  [9]  (Fig.  2),  and  the  evolution  of  the  lineage  through  the 
Santonian  and  early  Campanian  is  derived  mainly  from  this 
sequence.  Specimens  from  the  Nanaimo  Basin  deposits  [4], 
British  Columbia,  overlap  the  age  range  of  the  Chico  spec- 
imens and  extend  the  Forsia  lineage  through  the  medial  Cam- 
panian. Nekewis  appears  in  the  early  Maastrichtian  of  north- 
ern Baja  California  [ 1 7]  and  the  Diablo  Range  [ 1 1 ] in  Merced 
Co.,  California,  and  the  later  Maastrichtian  near  Lake  Na- 
cimiento,  San  Luis  Obispo  Co.  [12].  Nekewis  has  been  rec- 
ognized in  Paleocene  deposits  of  the  Simi  Hills,  Ventura  Co. 
[15]  (Zinsmeister,  1983)  and  in  numerous  Eocene  and  Oli- 
gocene  sections  in  California,  Oregon,  Washington,  and  Alas- 
ka (Hickman,  1976). 

Typical  Heteroterma  is  a relatively  rare  form  of  Paleocene 
(late  Danian-mid-Thanetian)  age.  Gabb’s  specimens  came 
from  the  vicinity  of  Martinez,  Contra  Costa  Co.  [ 1 0],  perhaps 
from  the  lower  Vine  Hill  Sandstone.  A few  relatively  com- 
plete specimens  have  been  collected  from  the  lower  Santa 
Susana  Formation  in  the  Simi  Hills,  Ventura  Co.  [15], 

Zinsitys  has  a longer  geologic  and  a wider  geographic  range 
than  Forsia , but  it  is  usually  represented  by  fewer  specimens 
that  have  been  recovered  from  greater  stratigraphic  and  chro- 
nologic intervals.  Its  earliest  appearance  is  in  the  Coniacian 
of  the  Redding  area,  Shasta  Co.  [7],  It  occurs  in  the  Santonian 
of  the  Redding  area  [7]  and  Antelope  and  Mill  creeks,  Te- 
hama Co.  [8],  and  the  Haslam  Formation  of  the  Nanaimo 
Basin,  Vancouver  Island  [4],  In  the  early  Campanian  it  has 
been  found  from  Whaler’s  Creek,  Alaska  Peninsula  [1]  south 
to  the  Santa  Ana  Mountains  [16],  California,  and  occurs  in 
greatest  abundance  in  the  Cedar  District  Formation  on  Sucia 
Island,  Washington  [5],  Late  Campanian  Zinsitys  have  been 
found  on  Vancouver  Island,  British  Columbia  [2],  in  Siskiyou 
Co.  [6],  northern  California,  and  in  the  Simi  Hills  [15]  and 
Santa  Ana  Mts.  [16]  of  southern  California. 

Geologic  ranges  of  the  species  described  in  this  paper  are 
shown  in  Figure  3 with  those  of  Perissitys  spp.,  pertinent 
Turritella  spp.,  and  some  ammonites. 

Neither  Forsia  nor  Zinsitys  occurs  in  abundance.  Speci- 
mens of  Forsia  are  most  abundant  in  the  shallow-water  (less 
than  40  m)  sandstones  of  the  Musty  Buck  Member  of  the 
Chico  Formation  and  are  uncommon  in  the  finer-grained 
Ten  Mile  Member.  Forsia  is,  however,  recovered  from  fine- 
grained sandstones  and  siltstones  of  the  Nanaimo  Basin  de- 
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Figure  3.  Geologic  ranges  of  species  described  in  this  paper,  Perissitys  lineage,  Turritella  chaneyi  and  T.  chicoensis  stocks,  and  some  ammonites 
litted  to  the  time  scale  of  Palmer  (1983)  and  Berggren  et  al.  (1985).  Arrows  indicate  approximately  the  range  allotted  to  Baculites  capensis  by 
Haggart  and  Ward  ( 1984)  and  Haggart  (1984).  Turritella  zonation  from  Saul  (1983),  early  Campanian  reversed  magnetozone,  Chrone  33r,  from 
Ward  et  al.  (1983),  and  early  Maastrichtian  reversed  magnetozone,  Chrone  32r,  from  Bannon  et  al.  (in  press)  as  dated  by  Kent  and  Gradstein 
(1985). 


posits,  especially  from  the  Cedar  District  Formation  on  Sucia 
Island  [5],  Its  earlier  more  common  appearance  in  coarser- 
grained  sediment  and  later  relative  abundance  in  fine-grained 
sediment  suggests  that  Forsia  may  have  migrated  toward  a 
more  offshore  habitat. 

Zinsitys  occurs  in  medium -grained  to  fine-grained  sand- 
stone and  siltstone.  It  is  a common  faunal  element  only  in 
the  silts  of  the  Cedar  District  Formation  on  Sucia  Island  [5], 
Ninety  percent  of  the  studied  specimens  are  from  northern 
localities  (northern  California  to  Alaska);  even  so,  the  per- 
centage of  northern  specimens  is  underrepresented.  The  stud- 
ied specimens  include  some,  not  all,  of  the  Sucia  Island  spec- 
imens in  various  collections,  whereas  every  southern  specimen 
found  is  included.  If  these  collections  reflect  in  some  measure 
the  former  distribution  of  Zinsitys,  it  may  have  been  a north 
temperate  genus. 

RELATIONSHIPS  WITHIN 
PERISSITYIDAE 

Well-founded  relationships  within  the  family  Perissityidae 
include  the  sequences  of  species  that  comprise  the  Perissitys 


lineage,  the  Forsia  lineage,  and  the  Zinsitys  lineage.  Lineal 
relation  of  species  ascribed  to  Pseudocymia( ?),  Murphitys, 
and  Christitys  is  more  inferential.  Coniacian  and  early  San- 
tonian species  of  all  six  of  the  above  genera  share  many 
characteristics.  They  are  of  moderate  size  and  bucciniform 
shape,  with  fine  to  coarse  spiral  ribs  and  short  but  strong 
axial  ribs  about  the  whorl  periphery.  The  growth  line  has  an 
antispiral  sinus  adapical  to  the  mid  whorl.  The  aperture  is 
elliptical  and  widest  anteriorly.  The  outer  lip  is  thickened, 
rimmed,  and  flared,  especially  from  mid  whorl  to  the  anterior 
siphon.  Characteristically  inside  the  outer  lip  at  mid  whorl 
there  is  a strong  denticle  with  a lesser  one  anterior  to  it.  This 
set  of  denticles  is  just  anterior  to  the  antispiral  sinus  and  at 
the  posterior  end  of  the  outer  lip  flare.  The  denticles  oppose 
a pseudofold  or  fold  on  the  columella.  A moderately  strong 
tubercle  (or  set  of  tubercles)  in  conjunction  with  similar  struc- 
tures on  the  inner  lip  constricts  the  posterior  end  of  the 
aperture.  The  inner  lip  is  clearly  demarked  and  in  some 
species  forms  a pseudumbilicus  with  the  siphonal  fasciole 
at  the  anterior  end  of  the  anterior  siphon.  Medially  on  the 
columella  there  are  two  or  three  subequal  pseudofolds  or  one 
or  two  folds. 
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Folds  and  pseudofolds  do  not  differ  in  apertural  view;  both 
appear  to  be  spirally  elongate  plicae  on  the  columella.  Folds 
spiral  uninterruptedly  on  the  columella  of  the  teleoconch, 
but  pseudofolds  are  short,  extending  less  than  a quarter  turn 
into  the  shell  interior  and  are  absent  within  earlier  whorls. 
Pseudofolds,  like  varices,  are  developed  at  growth  halts,  and 
shells  that  have  not  developed  a thickened  and  denticulate 
outer  lip  do  not  show  pseudofolds,  but  folds  are  present  even 
though  the  outer  lip  has  not  been  thickened. 

Later  Senonian  representatives  of  these  six  genera  diverge, 
and  their  Campanian  species  have  fewer  common  charac- 
teristics: Pseudocvmia  becomes  fusi  form  and  pseudofolds  are 
diminished;  Perissitys  becomes  pyriform,  loses  pseudofolds 
and  outer  lip  denticulations,  and  envelops  the  spire  in  an 
expansion  of  the  inner  lip  callus;  Murphitys  remains  buccin- 
iform,  retains  folds  and  outer  lip  denticulations,  thickens  the 
outer  lip,  and  roundly  expands  the  inner  lip;  Christitys  be- 
comes shortly  turriculiform,  retains  one  fold  and  pseudofold 
and  the  outer  lip  denticulations;  Forsia  becomes  turriculi- 
form and  retains  pseudofolds  and  outer  lip  denticulations; 
Zinsitys  becomes  elongately  fusiform,  loses  pseudofolds,  and 
reduces  outer  lip  denticulations. 

Of  these  six  genera,  Coniacian  species  of  PseudocymiaO, 
Perissitys,  and  Murphitys  have  the  greatest  similarity  of  shape 
and  sculpture.  Christitys,  Forsia,  and  Zinsitys  have  more 
angulate  whorl  profiles.  Although  Christitys  and  Murphitys 
have  columellar  folds,  they  differ  in  whorl  profile  and  ap- 
erture, and  the  columellar  folds  are  probably  separately 
evolved.  Except  for  the  columellar  fold  of  Christitys,  the 
apertures  of  Christitys,  Forsia,  and  Zinsitys  are  very  similar, 
and  Christitys  and  Zinsitys  have  in  common  their  northern 
distribution  and  the  shape  and  position  of  their  bifid  outer 
lip  denticulation.  The  similarity  of  early  Santonian  Forsia  to 
Coniacian  and  Santonian  Christitys  suggests  the  derivation 
of  Forsia  from  Christitys  despite  the  absence  of  a columellar 
fold  in  Forsia.  In  Figure  4,  a question  mark  between  the  early 
perissityid  radiation  and  Pseudocymia  aurora  rellects  the  need 
for  further  study  of  Turonian  and  earlier  faunas. 

Relationships  diagrammed  in  Figure  4 suggest  that  early 
Senonian  perissityid  genera  having  columellar  folds  devel- 
oped them  from  pseudofolds.  If  Forsia  split  from  Christitys, 
the  columellar  fold  of  Christitys  was  again  reduced  to  a pseu- 
dofold in  Forsia,  but  Murphitys  evolved  stronger  folds.  Given 
that  the  similarity  of  the  Coniacian  and  Santonian  species 
indicates  confamiliality,  folds  and  pseudofolds  appear  to  be 
transient  features  in  this  group  of  gastropods.  Two  lineages, 
Perissitys  and  Zinsitys,  clearly  show  loss  of  pseudofolds.  Pe- 
rissitys has  lost  its  pseudofolds  by  early  Campanian  (Popenoe 
and  Saul,  1987),  as  has  Zinsitys  in  the  late  Campanian.  Had 
Stewart  ( 1 927,  p.  4 1 0)  been  looking  at  Zinsitys  meisteri  rather 
than  Z.  kingii,  the  absence  of  columellar  folds  would  have 
been  less  apparent.  Loss  of  apertural  excrescences  in  these 
genera  provides  precedence  for  their  absence  in  such  genera 
as  Nekewis,  Heteroterma,  and  Surculites  that  may  have 
evolved  from  more  typically  endowed  perissityids.  Nekewis 
may  be  derived  from  Forsia,  Heteroterma  from  Christitys, 
and  Surculites  from  Zinsitys  or  a Japanese  Zinsitys- like  peris- 
sityid. Apparently  perissityids  rapidly  diverged  through  phy- 


letic  transition  into  lineages  of  increasingly  distinctive  mor- 
phology. Those  speciations  that  produced  these  lineages 
became  the  founding  events  of  genera. 

SYSTEMATIC  PALEONTOLOGY 
Phylum  Mollusca  Linnaeus,  1758 
Class  Gastropoda  Cuvier,  1797 
Order  Neogastropoda  Wenz,  1938 
Superfamily  Buccinacea  Rafinesque,  1815 
Family  Perissityidae  Popenoe  & Saul,  1987 
Genus  Forsia  new  genus 

TYPE  SPECIES.  Forsia  baia  new  species. 

DIAGNOSIS.  Turriculate  perissityids  that  have  a long 
slender  abaperturally  flexed  anterior  canal.  They  are  sculp- 
tured by  spiral  threads  that  are  most  prominent  on  the  noded 
angulate  periphery.  The  growth  line  is  shallowly  sinused  on 
the  ramp,  opisthocline  across  the  noded  peripheral  angula- 
tion, and  broadly  antisinused  on  the  siphonal  neck.  The  ap- 
erture is  elliptical.  The  flared  outer  lip  has  a strong,  rounded 
varix  that  bears  within  a tooth  anterior  to  the  posterior  notch, 
two  strong  teeth  at  the  periphery,  and  a variable  number  of 
denticles  adjacent  to  the  anterior  siphonal  canal.  The  inner 
lip  is  clearly  demarked,  of  moderate  width,  and  has  a parietal 
ridge  or  row  of  small  denticles  and  two  strong  parallel  hor- 
izontal pseudofolds  nearly  opposite  the  two  strongest  teeth 
of  the  outer  lip. 

STRATIGRAPHIC  RANGE.  Santonian  through  Cam- 
panian. 

DISCUSSION.  Specimens  of  Forsia  spp.  have,  in  general, 
been  referred  to  Hindsia  nodulosa  ( Whiteaves,  1 874),  a species 
originally  described  as  Fasciolaria  nodulosa.  Whiteaves  later 
transferred  it  to  the  genus  Hindsia  “in  the  sense  in  which 
that  genus  is  now  accepted  by  most  paleontologists”  (Whit- 
eaves, 1879).  Because  of  the  expanded  varix-like  shape  of 
the  outer  lip  he  placed  Hindsia  in  the  “Tritomidae”  = Cy- 
matiidae.  The  name  Hindsia  was  first  printed  in  a plate  ex- 
planation in  1851  (A.  Adams,  pi.  10),  but  the  paper  describing 
the  genus  appeared  in  1853  (A.  Adams).  Then,  in  that  same 
year,  H.  and  A.  Adams  (1853)  decided  that  Hindsia  was  a 
junior  synonym  of  Nassaria  Link,  1807.  Nassaria  was  dis- 
entangled from  Hindsia  by  Dell  (1967)  who  designated  Buc- 
cinum  tranquebarica  Gmelin,  1 790,  as  type  of  Nassaria  Link, 
thus  placing  it  in  the  synonymy  of  Cantharus  Roding,  1 798. 
A.  Adams  (1851)  figured  two  species  of  Hindsia,  H.  nivea 
Pfeiffer  and  H.  bitubercularis  A.  Adams,  on  his  plate  10. 
Several  workers  had  indicated  that  the  one  figured  as  H.  nivea 
Pfeiffer  was  the  type  species,  but  all  designations  remained 
ambiguous  until  that  of  Dell  (1967):  “//.  niveum  Pfeiffer”  = 
Buccinum  niveum  Gmelin,  1 790  = Nassa  alba  Martini,  1780 
= Neptunea  pusilla  Roding,  1798. 

In  whatever  sense  most  paleontologists  of  1 879  would  have 
recognized  Hindsia,  the  name  is  not  applicable  to  the  lineage 
of  “ Hindsia  nodulosa  (Whiteaves).”  Species  of  this  lineage 
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Figure  4.  Hypothetical  phylogenetic  relationships  of  eight  penssityid  genera.  Fatter  segments  represent  availability  of  more  specimens  for  study 
(not  to  scale).  Stippled  segments  belong  to  species  lacking  folds  or  pseudofolds  on  the  columella. 


differ  from  bucciniform  Hindsia  with  its  roundish  aperture, 
the  outer  lip  of  which  is  varixed  and  lirate  but  not  flared, 
and  its  anteriorly  plicate  and  posteriorly  wrinkled  columella. 
Forsia  is  fusiform,  has  an  elongate,  almost  trapezoidal  ap- 
erture, the  outer  lip  of  which  is  varixed  and  flared.  The  outer 
lip  and  the  columella  have  the  distinctive,  medially  posi- 
tioned lip  denticulations  and  pseudofolds  of  a perissityid. 

Forsia  resembles  the  cymatiid  Charonia ? univaricosum 
(Wade,  1926)  (Sohl,  1960,  p.  128,  pi.  18,  fig.  44),  of  Maas- 
trichtian  age,  a species  with  an  anterior  canal  more  suggestive 
of  Sassia  Bellardi,  1872,  than  of  Charonia  s.s.  Forsia  also 
resembles  Tertiary  Sassia , but  both  C.?  univaricosum  and 
Sassia  spp.  have  a rounder  whorl  profile,  a rounder  aperture, 
weaker  apertural  denticulations,  and  less  flare  to  the  outer 
lip. 


The  type  species  of  the  bicarinate  Late  Cretaceous  cyma- 
tiid, Tintorium  Sohl,  1960,  T.  pagodiforme  Sohl,  1960,  has 
a relatively  higher  spire  and  much  shorter  anterior  canal  than 
Forsia  spp.  Tintorium  nodulosum  (Stoliczka,  1867,  p.  137, 
pi.  11,  figs.  18,  18a)  from  India,  has  more  nearly  the  pro- 
portions of  Forsia  but  a rounder  whorl  profile,  and  lacks  the 
apertural  armaments.  Hindsia  exima  Stoliczka,  1867  (p.  135, 
pi.  11,  figs.  15,  16),  also  from  India  and  of  probable  Maas- 
trichtian  age,  is  more  bucciniform  than  Forsia  and  its  pe- 
ripheral sculpture  is  not  as  strong  relative  to  that  on  ramp 
and  base.  It  resembles  Murphitys.  Murphitys  is  more  buc- 
ciniform than  Forsia,  has  a more  expanded  inner  lip,  and 
folds  on  its  columella.  Serrifusus  Meek,  1876,  is  similar  in 
shape,  sculpture,  and  bend  of  anterior  canal,  but  is  noticeably 
bicarinate  and  lacks  pseudofolds  on  the  columella.  “ Serri - 


6 Contributions  in  Science,  Number  400 


Saul:  New  Perissityidae 


12 


13 


Figures  5-13.  Comparison  of  posterior  portion  of  growth  lines  of  species  of  Forsia,  Nekewis,  and  Heteroterma  from  camera  lucida  tracings 
adjusted  to  uniform  distance  between  posterior  suture  and  periphery.  Heavy  lines  indicate  posterior  and  anterior  sutures,  light  line  indicates 
periphery,  and  dashed  line  indicates  inflection  point  of  posterior  sinus.  5,  Forsia  lorda  new  species;  6,  F.  baia  new  species;  7,  F.  baia-popenoei 
intergrade;  8,  F.  popenoei  new  name  from  Sucia  Island,  Washington;  9,  F.  popenoei  new  name  from  Simi  Hills,  California;  10,  Nekewis  marina 
new  species;  11,  N.  seidersi  new  species;  12,  Heteroterma  trochoidea  Gabb,  1869,  periphery  and  suture  coincide;  13,  //.(?)  acrita  new  species,  the 
periphery  is  anterior  to  the  suture. 


fusus"  vancouverensis  Whiteaves,  1879  (p.  1 19)  [=“S.”  joa- 
quinensis  Anderson,  1958  (p.  171)]  is  not  a Serrifusus,  and 
its  growth  line  and  aperture  suggest  that  it  may  belong  to  the 
Trichotropidae.  Forsia  lacks  the  great  expansion  of  callus  up 
onto  the  spire,  is  less  pyriform,  has  a higher  spire,  and  more 
angular  profile  than  Perissitys.  Forsia  is  most  similar  to 
Christitys,  but  has  pseudofolds  whereas  Christitys  has  a fold 
and  a pseudofold  on  the  columella.  Forsia  may  have  evolved 
from  Christitvs  near  the  Coniacian-Santonian  boundary  (Fig. 
4). 

Nekewis  resembles  Forsia  but  lacks  the  columellar  pseu- 
dofolds and  outer  lip  denticulations  and  has  a thinner  inner 
lip.  Both  have  a long,  twisted,  and  fasciolate  anterior  canal 
that  is  shallowly  notched,  abrupt  peripheral  nodes  enhanced 
by  strong  spiral  ribs,  an  undulose,  collared  suture,  a broad, 
concave  shoulder  slope  and  concave  base,  and  a growth  line 
(Figs.  5-13)  with  a broad  shallow  sinus  on  the  ramp. 

The  genus  comprises  Forsia  lorda,  F.  baia,  and  F.  popenoei 
[=“Hindsia  nodulosa  (Whiteaves)”].  ""Fusus"  volutoder- 
moides  Nagao,  1939,  may  also  belong  here. 

ETYMOLOGY.  The  genus  name  is  from  Anglo-Saxon, 
fore,  preceding  in  time  and  place  and  is  of  feminine  gender. 


Forsia  lorda  new  species 

Figures  5,  14-27 

DIAGNOSIS.  Slender  Forsia  with  a long,  bent  siphonal 
neck  that  has  a well-developed  siphonal  fasciole  and  a pseu- 
dumbilical  chink  near  the  anterior  end.  Two  peripheral  spi- 


ral ribs  are  much  stronger  than  the  spiral  threads  that  cover 
the  shell. 

DESCRIPTION.  Shell  of  small  to  medium  size,  fusiform, 
tall  and  slender  for  the  genus,  with  slightly  turriculate  spire 
of  about  five  whorls  and  long  flexed  anterior  canal;  proto- 
conch large,  consisting  of  1-1 ‘3  whorls;  height  of  spire  is 
about  equal  to  diameter  at  periphery;  anterior  siphonal  neck 
more  than  ‘A  of  shell  length,  at  angle  of  45°  to  columellar 
axis,  bearing  well-developed  fasciole  and  elongate  pseu- 
dumbilical  chink;  profile  of  last  two  whorls  concave  on  the 
ramp,  prior  whorls  slightly  convex;  peripheral  angulation 
accentuated  by  two  strong  spiral  cords  and  made  nodose  by 
short,  blunt,  axial  ribs;  suture  just  anterior  to  abapical  strong 
spiral  cord;  growth  line  gently  and  regularly  concave  on  the 
ramp  and  slightly  opisthocline  across  the  periphery  to  the 
fasciole;  outer  lip  flaring  strongly  and  thickened  by  varix. 

Overall  sculpture  of  spiral  ribs  beginning  on  first  post- 
nuclear  whorl,  nearly  equal  in  width  to  interspaces  on  first 
two  whorls,  half  as  wide  as  interspaces  on  last  whorl,  number 
about  doubled  by  intercalation;  fine  axial  ribbing  beginning 
on  second  post-nuclear  whorl,  strongest  at  periphery,  strong- 
er on  third  whorl  but  halved  in  number,  about  1 3 on  last 
whorl;  adapical  of  peripheral  pair  of  cords  reduced  in  strength 
to  that  of  other  spirals  on  last  half  of  ultimate  whorl,  but 
coincidentally  strengthened  abapical  spiral  maintains  pair  of 
peripheral  spirals. 

Aperture  elongate,  narrow,  sharply  elliptical;  outer  lip 
bearing  one  or  two  denticles  near  the  posterior  end,  two 
strong  teeth  at  the  periphery  alternate  to  external  spiral  cords, 
and  one  weaker  tooth  just  below;  inner  lip  clearly  demarked, 
widest  posteriorly,  narrowing  gradually  anteriorly,  with  strong 
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posterior  parietal  ridge,  two  strong,  horizontal  pseudofolds 
just  anterior  to  the  midpoint,  and  two  to  three  denticles 
bordering  the  anterior  canal. 

HOLOTYPE.  UCLA  39441. 

PARATYPES.  UCLA  39442  front  UCLA  loc.  3624,  39443 
from  CIT  loc.  1017  = LACMIP  loc.  10849,  39445  from 
UCLA  loc.  3627,  39447  from  CIT  loc.  1016  = LACMIP  loc. 
10847;  LACMIP  7586  from  UCLA  loc.  3624,  7587  from 
LACMIP  loc.  10787,  7588  from  LACMIP  loc.  10786,  7589 
from  UCLA  loc.  4217. 

TYPE  LOCALITY.  UCLA  loc.  3624,  Chico  Creek,  Butte 
Co.,  California  [9], 

DIMENSIONS.  Of  holotype,  height  35.6  mm,  diameter 
14.0  mm,  height  of  spire  12.2  mm. 

DISTRIBUTION.  Musty  Buck  Member  of  the  Chico  For- 
mation on  Chico  Creek  [9];  Kingsley  Cave  Member  of  the 
Chico  Formation  on  Mill  and  Antelope  creeks  [8];  Members 
V and  VI  (Popenoe,  1943)  of  the  Redding  Formation,  Red- 
ding area  [7],  California. 

GEOLOGIC  AGE.  Santonian. 

REMARKS.  More  than  50  specimens  of  this  species  have 
been  recovered  from  the  Chico  Formation  in  Tehama  and 
Butte  cos.  [8,  9],  California.  The  species  resembles  Christitys 
delta  Popenoe  & Saul,  1987  (Figs.  92,  93),  and  C.  medica 
Popenoe  & Saul,  1987,  in  growth  line  and  sculpture  but  has 
two  pseudofolds  rather  than  a fold  and  a pseudofold  on  the 
columella,  two  peripheral  denticulations  within  the  outer  lip 
rather  than  a bifid  tooth,  and  is  more  elongate.  Its  long  twisted 
anterior  canal  is  distinctive,  and  it  is  the  slenderest  Forsia. 
It  has  the  least  turriculate  spire,  the  posterior  sinus  inflection 
point  of  its  growth  line  nearest  the  periphery,  and  the  greatest 
contrast  in  the  strength  between  the  peripheral  ribs  and  those 
on  the  ramp  and  base.  Its  resemblance  to  Christitys  delta 
suggests  derivation  from  that  species. 

Forsia  lorda  resembles  Cant  haras  occidentalis  Gabb,  1 864 
(Murphy  and  Rodda,  1960,  p.  845,  pi.  102,  fig.  1),  of  Cen- 
omanian age  in  shape  of  spire  and  body  whorl,  but  F.  lorda 


is  less  evenly  ribbed  and  has  apertural  decorations  that  are 
lacking  in  C.  occidentalis. 

“ Fusus ” volutodermoides  Nagao,  1939  (p.  231,  pi.  XXII, 
fig.  5;  Hayami  and  Kase,  1977,  p.  64,  pi.  8,  fig.  6),  is  similar 
to  Forsia  lorda  in  shape,  sculpture,  and  age  (Coniacian  or 
Santonian,  fide  Hayami  and  Kase,  1977),  but  Nagao  found 
the  columella  “apparently  smooth.”  “ Fusus ” volutoder- 
moides appears  to  be  somewhat  shorter  spired  than  F.  lorda 
and  to  have  a less  concavely  sloping  ramp. 

ETYMOLOGY.  The  specific  name  is  from  Greek,  lordos, 
bent  backward,  referring  to  the  long  bent  anterior  canal  of 
this  species. 

Forsia  haia  new  species 

Figures  6,  28-35 

DIAGNOSIS.  Forsia  with  a moderately  long,  bent  si- 
phonal  neck,  which  has  a well-developed  siphonal  fasciole 
and  a short  pseudumbilical  chink  near  the  anterior  end. 
Three  spiral  ribs  are  stronger  on  the  angulate  periphery  than 
are  the  spiral  riblets  that  cover  the  shell. 

DESCRIPTION.  Shell  of  medium  size,  subfusiform  with 
turriculate  spire  of  about  four  whorls  and  flexed  anterior 
canal;  protoconch  large,  paucispiral  consisting  of  1-1  'A  whorls; 
height  of  spire  is  72%  of  diameter  at  periphery;  anterior 
siphonal  neck  less  than  ‘A  of  shell  length,  bent  near  mid- 
length at  angle  of  35°  to  columellar  axis,  bearing  fasciole  and 
short  pseudumbilical  chink;  profile  of  last  two  whorls  con- 
cave on  the  ramp,  prior  whorls  convex;  peripheral  angulation 
accentuated  by  three  strong  spiral  cords  and  made  nodose 
by  short  blunt  axial  ribs;  suture  touching  the  most  anterior 
of  the  three  strong  cords;  growth  line  gently  and  regularly 
concave  on  the  ramp  and  slightly  opisthocline  across  the 
periphery  to  the  fasciole;  outer  lip  flaring  and  thickened  by 
varix. 

Overall  sculpture  of  spiral  ribs  beginning  on  first  post- 
nuclear  whorl,  wider  than  the  interspaces  on  first  whorl,  half 


Figures  14-56.  Forsia  spp.,  arrow  on  apical  views  pointed  at  aperture.  14-27,  Forsia  lorda  new  species,  14-18,  UCLA  39441  from  UCLA  loc. 
3624,  holotype,  14,  aperture  x 1 'A,  15,  back  x l'A,  16,  labral  x l'A,  17,  ablabral  x 1 'A,  18,  apical  x2;  19,  LACMIP  7586  from  UCLA  loc.  3624, 
paratype,  axial  section  x l'A  showing  absence  of  folds  on  columella;  20,  21,  UCLA  39443  from  LACMIP  loc.  10849  [=CIT  1017],  paratype,  20, 
aperture  xl'/2;  21,  labral  x l'A;  22,  LACMIP  7588  from  LACMIP  loc.  10786  [=CIT  1005],  juvenile  paratype,  aperture  x2;  23,  LACMIP  7587 
from  LACMIP  loc.  10787  [=CIT  1006],  “adolescent"  paratype,  aperture  x 2;  24,  25,  UCLA  39445  from  UCLA  loc.  3627,  paratype  with  complete 
outer  lip,  24,  aperture  x l'A,  25,  labral  x 1 'A;  26,  27,  LACMIP  7589  from  UCLA  loc.  4217,  paratype,  26,  back  x l</2,  27,  ablabral  x l'A.  28-35, 
Forsia  baia  new  species,  28-32,  UCLA  39452  from  UCLA  loc.  3637,  holotype,  28,  aperture  x 1,  29,  back  x 1,  30,  labral  x 1,  31,  ablabral  x 1, 
32,  apical  l'A;  33,  LACMIP  7590  from  UCLA  loc.  3637,  paratype,  axial  section  showing  pseudofolds  in  the  aperture  but  absence  of  folds  within 
the  spire  x 1;  34,  35,  UCLA  39454  from  UCLA  loc.  3643,  paratype,  34,  aperture  xl>/2,  35,  labral  x IV2.  36-56,  Forsia  popenoei  new  name,  36- 
37  GSC  cat.  no.  5766a  from  Protection  Island,  B.C.,  paratype,  36,  back  x l'A,  37,  ablabral  x l'A;  38=41,  GSC  cat.  no.  5766  from  Nanaimo  River, 
B.C.,  holotype,  38,  ablabral  x l'A,  39,  aperture  x l'A,  40,  back  x l'A,  41,  labral  x l'A;  42=46,  UCLA  39462  from  UCLA  loc.  3648,  hypotype,  42, 
labral  x 1,  43,  ablabral  x 1,  44,  apical  x l'A,  45,  aperture  x 1,  46,  back  x 1;  47=49,  BCMP  1183  from  Sucia  Island,  Washington,  hypotype,  47, 
aperture  x 1,  48,  back  x 1,  49,  labral  x 1;  50,  UCLA  39467  from  LACMIP  loc.  10448  [=CIT  1402],  hypotype,  aperture  x 1,  helicocone  crushed 
but  anterior  siphonal  canal  complete;  51-53,  UCLA  39471  from  LACMIP  loc.  10442  [=CIT  1397],  hypotype,  51,  pseudofolds  of  previous  varix 
deep  within  the  aperture  xl'A,  52,  back  xl'A,  53,  apical  x l'/2,  actual  aperture  position  indicated  by  arrow  but  the  last  whorl  has  been  peeled 
back  one-third  whorl;  54,  55,  UCLA  39466  from  LACMIP  loc.  10448  [=CIT  1402],  hypotype,  54,  aperture  xl,  55,  ablabral  xl;  56,  UCLA 
39464  from  LACMIP  loc.  10710  [=CIT  1 158],  hypotype,  aperture  x 1. 


8 Contributions  in  Science,  Number  400 


Saul:  New  Perissityidae 


Contributions  in  Science,  Number  400 


Saul:  New  Perissityidae  9 


as  wide  as  interspaces  on  last  whorl,  number  about  doubled 
by  intercalation;  axial  ribbing  apparent  on  third  post-nuclear 
whorl,  strongest  at  periphery,  about  1 0 on  last  whorl;  adapical 
of  peripheral  trio  of  cords  reduced  in  strength  on  last  third 
of  ultimate  whorl. 

Aperture  elongate,  narrow,  sharply  elliptical;  outer  lip 
bearing  a denticle  near  the  posterior  end;  two  strong  teeth  at 
the  periphery  alternate  with  the  external  spiral  cords,  and 
anteriorly  an  elongate  welt  which  may  be  somewhat  dentic- 
ulate, inner  lip  clearly  demarked,  slightly  wider  posteriorly 
with  parietal  ridge,  two  strong  horizontal  pseudofolds  op- 
posite the  strong  teeth  of  the  outer  lip,  and  a welt  bordering 
the  anterior  canal. 

HOLOTYPE.  UCLA  39452. 

PARATYPES.  UCLA  39453  from  UCLA  loc.  3637  and 
39454  from  UCLA  loc.  3643;  LACM1P  7590  from  UCLA 
loc.  3637. 

TYPE  LOCALITY.  UCLA  loc.  3637,  Chico  Creek,  Butte 
Co.,  California  [9]. 

DIMENSIONS.  Of  holotype,  height  36.2  mm  (incom- 
plete), width  18.5  mm,  height  of  spire  13.4  mm,  length  of 
siphonal  neck  10.5  mm  (incomplete). 

DISTRIBUTION.  Haslam  Formation,  Benson  (=Bran- 
nan)  Creek  and  Departure  Bay  [4];  Ten  Mile  Member  of  the 
Chico  Formation  along  Chico  Creek  [9],  Holz  Shale  Member 
of  the  Ladd  Formation,  Santa  Ana  Mountains  [16J. 

GEOLOGIC  AGE.  Early  Campanian. 

REMARKS.  Despite  its  considerable  geographic  range  and 
stratigraphic  occurrence  through  400  m of  the  Ten  Mile 
Member  on  Chico  Creek  [9],  fewer  than  20  specimens  of  F. 
baia  have  been  available  for  study.  Specimens  at  the  top  of 
the  Chico  Formation  on  Chico  Creek  [9]  (Figs.  42-46)  are 
intergrades  between  F.  baia  and  F.  popenoei. 

Forsia  baia  is  stouter,  has  a less  bent  anterior  canal,  and 
has  one  more  cord  and  fewer  nodes  at  the  periphery  than  F. 
lorda.  The  suture  of  F.  baia  has  a slightly  more  abapical 
position  than  that  of  F.  popenoei,  the  spire  is  relatively  higher, 
the  ramp  is  more  evenly  ribbed,  and  the  peripheral  spiral 
ribs  are  more  variable  in  strength.  On  the  growth  line,  the 
inflection  point  of  the  posterior  sinus  is  more  posterior  than 
that  of  F.  lorda  and  more  anterior  than  that  of  F.  popenoei. 
Specimens  from  LACMIP  loc.  10093,  upper  FIolz  Shale 
Member  in  the  Santa  Ana  Mts.  [ 1 6]  are  very  similar  to  those 
from  UCLA  loc.  3637,  lower  Ten  Mile  Member  on  Chico 
Creek  [9].  The  species  occurs  in  the  lower  I noceramus  schmidt i 
Zone  of  the  Haslam  Formation  along  Benson  Creek  and  near 
Departure  Bay,  British  Columbia  [4],  Geologically  younger 
F.  baia  and  older  F.  popenoei  are  very  similar  and  preser- 
vation that  slightly  alters  a specimen's  shape  makes  discrim- 
ination difficult.  A specimen  resembling  F.  baia  from  an 
unspecified  locality  on  Sucia  Island  (LSJU  loc.  1860)  may 
have  come  from  beds  below  those  yielding  Hoplitoplacen- 
ticeras  vancouverense (Meek,  1861).  This  specimen  was,  how- 
ever, certainly  not  associated  with  the  specimen  of  I nocer- 
amus schmidti  elegans  Sokolov  reported  to  be  from  Sucia 
Island  (Anderson,  1958,  p.  102,  pi.  22,  fig.  4;  Jeletzky  in 
Muller  and  Jeletzky,  1970.  p.  50).  The  inoceramid  does  not 


have  an  LSJU  locality  number,  and  P.U.  Rodda  (pers.  comm., 
1985)  has  found  a note  with  this  inoceramid  signed  by  Tat- 
suro  Matsumoto,  “I  am  very  sorry  to  find  this  specimen  in 
this  collection.  It  is  one  we  sent  to  Stanford  from  Japan.” 
The  anomalous  occurrence  of  I.  schmidti  elegans  on  Sucia 
Island  is  thus  nullified,  and  there  remains  no  indication  that 
beds  of  late  Santonian  or  earliest  Campanian  age  are  present 
there,  and  only  the  possibility  that  the  top  of  the  Chico  Creek 
section  and  the  lower  part  of  the  Sucia  Island  section  are 
correlative. 

Forsia  baia  resembles  Nekewis  washingtoniana  in  overall 
shape  and  sculpture,  but  Nekewis  has  a smooth  columella 
and  undecorated  outer  lip,  and  no  specimen  of  F.  baia  shows 
the  fine  collabrally  aligned  nodes  on  the  ribs  mentioned  by 
Hickman  (1976).  “ Fusus ” volutodermoides  Nagao,  1939 
(Hayami  and  Kase,  1 977,  p.  64,  pi.  8,  fig.  6),  resembles  Forsia 
baia  in  shape  and  sculpture  but  has  fewer  nodes  about  the 
periphery. 

ETYMOLOGY.  The  specific  name  is  from  Greek,  baios, 
little,  for  its  occurrence  in  the  Chico  Formation  along  Chico 
Creek  [9], 


Forsia  popenoei  new  name 

Figures  8,  9,  36-56 

Fasciolaria  nodulosa  Whiteaves,  1874,  p.  268,  plate  of  fossils 
figs.  7,  7a  (not  7b;  excluded  by  Whiteaves,  1879,  p.  125). 
Not  F.  nodulosa  Emmons,  1858  [F.  nodulosa  Defrance, 
1820  (Sherborn,  1922-1932)  is  a reassignment  of  Fusus 
nodulosus  Lamarck,  1803]. 

Hindsia  nodulosa  (Whiteaves):  Whiteaves,  1879,  p.  125,  pi. 

15,  figs.  6,  7.  Whiteaves,  1903,  p.  357,  pi.  43,  fig.  2. 

“ Hindsia  nodulosa  (Whiteaves)”:  Popenoe  and  Saul,  1987, 
figs.  12,  13. 

DIAGNOSIS.  Stout  Forsia  with  a moderately  long  arched 
siphonal  neck.  Three  spiral  ribs  are  stronger  on  the  blunt 
periphery  than  are  the  spiral  riblets  that  cover  the  shell. 

DESCRIPTION.  Shell  of  medium  size,  subfusiform  with 
turriculate  spire  of  about  3 V2 — 4 whorls  and  slightly  flexed 
anterior  canal;  protoconch  large,  paucispiral,  consisting  of  1- 
1 V2  whorls;  height  of  spire  is  near  0.6  of  diameter  at  periphery; 
anterior  siphonal  neck  less  than  xh  of  shell  height,  bent  near 
% length  at  angle  of  30°  to  columellar  axis,  with  indistinct 
fasciole;  profile  of  last  two  whorls  usually  strongly  concave 
on  the  ramp,  prior  whorls  flat  to  convex;  peripheral  angu- 
lation accentuated  by  three  strong  spiral  cords  and  made 
nodose  by  short  blunt  axial  ribs;  suture  covering  the  most 
anterior  of  the  three  strong  spiral  cords;  growth  line  gently 
and  regularly  concave  on  the  ramp  and  opisthocline  across 
the  periphery,  broadly  convex  on  the  siphonal  neck;  outer 
lip  flaring  medially,  and  thickened  by  varix. 

Overall  sculpture  of  spiral  ribs  beginning  on  first  post- 
nuclear  whorl,  wider  than  the  interspaces  on  first  whorl,  half 
to  a third  as  wide  as  interspaces  on  last  whorl,  augmented 
by  spiral  threads  in  the  interspaces  especially  on  the  periph- 
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ery;  axial  ribbing  apparent  on  post-nuclear  whorls,  strongest 
at  periphery,  12-14  on  last  whorl. 

Aperture  elongate  elliptical;  outer  lip  bearing  a strong  den- 
ticle near  the  posterior  end,  two  strong  teeth  at  the  periphery 
alternate  with  the  external  spiral  cords,  and  a row  of  denticles 
anteriorly;  inner  lip  well  demarked,  somewhat  wider  poste- 
riorly with  denticles  which  may  coalesce  into  a strong  parietal 
ridge,  two  strong  horizontal  pseudofolds,  alternate  and  an- 
terior to  the  strong  teeth  of  the  outer  lip,  and  a somewhat 
denticulate  welt  bordering  the  anterior  canal. 

LECTOTYPE.  GSC  5766,  here  designated.  The  Geolog- 
ical Survey  of  Canada  label  for  GSC  5766  and  5766a  refers 
to  Whiteaves’  two  specimens  as  hypotypes  of  Hindsia  nod- 
ulosa  (Whiteaves);  Upper  Cretaceous;  Protection  Island  and 
2Vi  miles  up  Nanaimo  River,  Vancouver  Island,  B.C.;  coll. 
J.  Richardson,  1892. 

PARALECTOTYPE.  GSC  5766a,  Protection  Island,  Brit- 
ish Columbia  [4], 

HYPOTYPES.  UCLA  39462  from  UCLA  loc.  3648  [9], 
39464  from  LACMIP  loc.  10710,  39466-39467  from  LAC- 
MIPloc.  10448,  39471  from  LACMIP  loc.  10442;  GSC  5767 
from  Sucia  Island  [5];  BCPM  1 183  from  Sucia  Island  [5]. 

TYPE  LOCALITY.  Two  and  one  half  miles  up  Nanaimo 
River,  Vancouver  Island,  B.C.  [4],  Canada  (Whiteaves,  1874). 

DIMENSIONS.  Of  lectotype  GSC  5766,  height  22.8  mm 
(anterior  canal  missing),  diameter  17.8  mm,  height  of  spire 
9.8  mm  (protoconch  missing);  of  hypotypes  UCLA  39466, 
height  36.4  mm  (anterior  canal  broken  at  flexure),  diameter 

22.4  mm,  height  of  spire  15.6  mm;  UCLA  39464,  height 

39.4  mm  (incomplete),  diameter  22.4  mm,  height  of  spire 
15  mm;  UCLA  39467,  height  37.7  mm,  diameter  20.2  mm 
(crushed),  height  of  spire  1 1.9  mm,  length  of  anterior  canal 
1 1.0  mm  (incomplete). 

DISTRIBUTION.  Cedar  District  Formation,  Nanaimo 
River  and  Protection  Island  [4]  and  Sucia  Island  [5];  upper 
Ten  Mile  Member  of  the  Chico  Formation,  Chico  Creek  [9]; 
Chatsworth  Formation,  Bell  Canyon,  Simi  Hills  [15]. 

GEOLOGIC  AGE.  Late  early-mid-Campanian. 

REMARKS.  Whiteaves  (1879)  realized  that  his  original 
combination  of  Fasciolaria  nodulosa  was  a homonym,  but 
as  he  no  longer  considered  his  species  to  belong  in  Fascio- 
laria, he  saw  no  necessity  for  changing  the  specific  name.  He 
therefore  referred  two  of  his  original  specimens  to  Hindsia 
nodulosa.  The  original  localities  are:  “Locality  No.  4.  Na- 
naimo River,  Vancouver  Island,  2 'A  and  2xh  miles  up”  (Whit- 
eaves, 1874,  p.  262),  and  (p.  263)  “Locality  No.  5.  From 
Protection  Island.”  As  Whiteaves  (1879,  p.  126)  says  that 
two  specimens  of  H.  nodulosa  “were  collected  by  Mr.  Rich- 
ardson in  1872,  one  from  the  Nanaimo  River,  V.I.,  two  and 
a half  miles  up,  and  the  other  from  Protection  Island,”  the 
original  specimen  excluded  from  H.  nodulosa  is  the  one  from 
2'/4  miles  up  the  Nanaimo  River  (Whiteaves,  1874,  fig.  7b). 
Both  remaining  original  specimens  (Bolton,  1968,  p.  105, 
GSC  5766,  and  5766a)  were  partially  cleaned,  and  the  ap- 
erture of  the  specimen  from  2x/i  miles  up  the  Nanaimo  River 
was  exposed  and  the  specimen  refigured  (Whiteaves,  1879, 
p.  126,  pi.  15,  fig.  6).  The  specimens  were  kept  together 


without  indication  as  to  the  provenance  of  each  or  which 
was  the  basis  of  what  figure.  Examination  under  low  power 
( x 25)  binocular  microscope  reveals  no  differences  in  matrix 
or  preservation  of  these  two  specimens.  Whiteaves’  state- 
ments suggest  that  the  syntype  with  more  exposed  aperture 
(GSC  5766)  is  the  one  from  the  Nanaimo  River  locality,  and 
it  is  here  chosen  as  lectotype.  The  Protection  Island  specimen 
may  be  from  the  Extension-Protection  Formation  (Muller, 
fig.  11,  in  Muller  and  Jeletzky,  1 970),  and  the  Nanaimo  River 
specimen  from  the  Cedar  District  Formation  (Jeletzky,  p.  52, 
in  Muller  and  Jeletzky,  1970).  It  is  unfortunate  that  a lec- 
totype must  be  chosen  from  specimens  of  clouded  origin 
when  better  examples  are  available  with  definite  geographic 
and  stratigraphic  placement. 

Both  specimens  resemble  those  from  the  upper  Submor- 
toniceras  chicoense  Zone  at  the  top  of  the  Chico  Creek  section 
[9]  (Fig.  2)  as  much  as  Whiteaves’  hypotypes  of  H.  nodulosa 
from  Sucia  Island.  One  of  these  hypotypes,  GSC  5767  (Whit- 
eaves, 1879,  fig.  7),  is  in  the  Geological  Survey  of  Canada 
collection;  the  specimen  collected  by  Dr.  Newcombe  (Whit- 
eaves, 1903,  pi.  43,  fig.  2)  which  “shows  the  apertural  char- 
acteristics unusually  well”  is  in  the  British  Columbia  Pro- 
vincial Museum  (BCPM  cat.  no.  I 183). 

Forsia  popenoei  is  shorter  and  stouter  than  F.  lorda  or  F. 
baia.  It  most  closely  resembles  F.  baia,  from  which  it  differs 
in  being  stouter,  having  the  three  strong  peripheral  spiral 
cords  stronger  and  more  persistent,  and  in  having  a vanish- 
ingly small  pseudumbilicus.  Forsia  popenoei  resembles  some 
turrids  of  the  subfamily  Turriculinae  but  has  a shallower 
posterior  sinus  to  the  growth  line  and  two  pseudofolds  on 
the  columella.  In  whorl  shape  and  sculpture  it  resembles 
Nekewis  spp. 

Stewart  (1927,  p.  401)  suggested  that  Fusus  tumidis  Gabb 
might  be  related  to  “ Hindsia  nodulosa  Whiteaves,”  but  F. 
tumidus  has  large  swollen  nodes  on  the  shoulder  overridden 
by  many  spiral  threads  and  does  not  give  the  impression  of 
angularity  of  spire  and  distinctly  unequal  spiral  ribs  seen  in 
Forsia. 

ETYMOLOGY.  The  species  is  named  for  W.P.  Popenoe. 


Genus  Nekewis  Stewart,  1927 

TYPE  SPECIES.  Fasciolaria  washingtoniana  Weaver, 
1912,  by  original  designation. 

REMARKS.  Stewart  provided  the  name  Nekewis  for  2 Fas- 
ciolaria io  Gabb,  1864,  F.  washingtoniana  Weaver,  1912, 
and  Thais  nehalemensis  Anderson  & Martin,  1914.  Gabb 
(1877,  p.  280),  while  stating  that  there  was  no  name  for  the 
group  oil  Fasciolaria  io,  had  moved  it  to  Surcula  (Surculites). 
Stewart  (1927,  p.  422)  included  Nekewis  in  the  Turridae  and 
characterized  it  as  having  a noded  shoulder  and  very  shallow 
anal  sulcus.  Hickman  (1976)  reviewed  the  placement  of  the 
genus  and  considered  it  a member  of  the  Turridae  in  the 
Acamptogenotia  group.  Both  Stewart  (1927)  and  Hickman 
(1976,  p.  49)  derived  it  from  Surculites  in  the  Eocene,  and 
Hickman  considered  it  restricted  to  the  Early  Tertiary  of  the 
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northeastern  Pacific.  She  suggested  that  the  only  living  rel- 
ative of  Nekewis  was  Megasurcula,  which  has  a nontoxo- 
glossate  radula  (McLean,  1971,  p.  119,  pi.  2,  fig.  43). 

Zinsmeister  (1983,  p.  1299)  followed  Wrigley  (1927)  and 
Powell  (1966)  in  removing  Nekewis  from  the  Turridae.  He 
placed  it  in  the  family  Tudiclidae,  superfamily  Volutacea 
with  Cophocara  Stewart,  1927,  and  Heteroterma  Gabb,  1869, 
and  described  a new  species  N.  simiensis  from  the  Paleocene 
of  the  Simi  Valley  area  [15],  Cophocara  is  a perissityid  (Po- 
penoe  and  Saul,  1987),  and  if  Nekewis  is  confamilial,  it  too 
is  a perissityid. 

Nekewis  is  most  similar  to  Forsia,  especially  to  F.  popenoei, 
which  it  resembles  in  shape  and  sculpture.  Nekewis  lacks  the 
aperturual  armaments  of  Forsia  and  has  a thinner  inner  lip. 
In  Forsia,  the  apex  of  the  posterior  sinus  to  the  growth  line 
is  displaced  posteriorly  in  older  to  younger  species  from  a 
peripheral  position  to  one  on  the  ramp  (Figs.  5-9),  and  the 
sinus  is  somewhat  deeper  than  that  of  Nekewis.  The  posterior 
sinus  of  the  two  new  species  here  assigned  to  Nekewis  is  also 
somewhat  deeper  than  that  of  the  typical  growth  line  (Hick- 
man, 1976,  text-fig.  10).  In  Forsia  the  posterior  end  of  the 
growth  line  is  in  advance  of  the  anterior  portion  (Figs.  5-9), 
but  in  Nekewis  marina  (Fig.  10)  the  anterior  portion  of  the 
growth  line  is  in  advance  of  the  posterior,  and  the  growth 
line  is  similar  to  that  of  many  turrids.  It  is  also  very  similar 
to  that  of  ""Fusinus  ( Levifnsus )”  waringi  Nelson,  1925.  “Fu- 
sinus  (L.)"  waringi  resembles  N.  marina  and  N.  seidersi  ex- 
cept that  it  has  a very  long  fusinid  anterior  canal.  The  depth 
of  the  posterior  growth  line  sinus  makes  placement  of  these 
two  new  species  in  Nekewis  somewhat  questionable  but  does 
not  preclude  their  exclusion  from  the  Turridae.  If  correctly 
assigned  they  extend  the  record  of  Nekewis  back  into  the 
Cretaceous. 


Nekewis  marina  new  species 

Figures  10,  57-6 1 

DIAGNOSIS.  Stout  Nekewis  with  well-spaced  spiral 
sculpture  and  an  arcuate  posterior  growth-line  sinus  that  is 
relatively  deep  for  a Nekewis. 

DESCRIPTION.  Shell  of  medium  size,  subfusiform  with 
turriculate  spire  of  about  four  whorls;  diameter  at  periphery 
1 .45  times  height  of  spire;  profile  of  last  three  whorls  strongly 
concave  on  the  ramp,  prior  whorls  flat  to  convex;  peripheral 
angulation  accentuated  by  three  strong  spiral  cords  and  made 
nodose  by  about  1 1 short  blunt  axial  ribs;  suture  covering 
the  most  anterior  of  the  three  strong  spiral  cords;  growth  line 
concave  on  the  ramp  and  opisthocline  across  the  periphery. 

Overall  sculpture  of  spiral  ribs,  equal  in  width  to  the  in- 
terspaces on  early  whorls,  one  third  to  a quarter  as  wide  as 
interspaces  on  last  whorl,  ribbing  progressively  weaker  on 
ramp. 

Aperture  elongate  elliptical;  inner  lip  a little  thickened  an- 
teriorly, thinning  to  a wash  posteriorly. 

HOLOTYPE.  LACMIP  7591. 

HYPOTYPES.  LACMIP  7592  from  LACMIP  loc.  1 0667, 
Ortigalita  Peak  Quadrangle,  Merced  Co.  [11],  and  CAS 


30553.02  from  CAS  loc.  30553,  Los  Banos  Creek,  Merced 
Co.  [11]. 

TYPE  LOCALITY.  UCLA  loc.  7149,  2 km  south  of  San 
Antonio  del  Mar,  Baja  California,  Mexico  [17], 

DIMENSIONS.  Of  holotype,  height  29.7  mm  (anterior 
canal  missing),  diameter  20.5  mm,  height  of  spire  15.6  mm. 

DISTRIBUTION.  Rosario  Formation,  south  of  San  An- 
tonio del  Mar  [ 1 7],  and  the  Moreno  Formation,  Merced  Co. 
[11]. 

GEOLOGIC  AGE.  Early  and  mid?-Maastrichtian. 

REMARKS.  The  above  description  is  based  on  the  ho- 
lotype which  has  the  anterior  canal  and  the  outer  lip  broken 
but  is  otherwise  well  preserved.  Poorly  preserved  specimens 
from  the  Moreno  Formation  on  the  east  side  of  the  Diablo 
Range  [11],  LACMIP  7292  from  LACMIP  loc.  10667  and 
CAS  30553.02  from  CAS  loc.  30553,  may  also  be  N.  marina. 
A specimen  from  GSC  loc.  16585,  east  side  of  Hornby  Island 
[3],  has  the  growth  line  and  sculpture  of  this  species,  but  is 
too  fragmentary  for  certain  identification.  Nekewis  marina 
differs  from  Forsia  popenoei  in  having  a straight  rather  than 
concave  whorl  profile  anterior  to  the  periphery,  a thinner 
inner  lip,  and  no  apertural  armaments.  No  varix  has  been 
seen  on  N.  marina.  Shape  of  and  sculpture  on  the  spire  of 
N.  marina  is  like  that  of  N.  seidersi,  but  N.  marina  is  lower 
spired  and  more  coarsely  sculptured.  Nekewis  marina  differs 
from  N.  washingtoniana  (Weaver,  1912)  (Figs.  67-71)  in 
being  stouter,  having  fewer  spiral  ribs,  and  a broader  pe- 
ripheral angulation. 

ETYMOLOGY.  The  specific  name  is  from  Latin,  marinus, 
of  the  sea,  for  San  Antonio  del  Mar. 

Nekewis  seidersi  new  species 

Figures  13,  62-66 

Nekewis  new  species  Saul,  1986,  p.  27,  figs.  22,  23. 

DIAGNOSIS.  Stout  Nekewis  with  closely  spaced  spiral 
sculpture  and  an  arcuate  posterior  growth-line  sinus  that  is 
deeper  than  that  of  other  species  of  Nekewis. 

DESCRIPTION.  Shell  of  medium  size,  subfusiform  with 
turriculate  spire  of  about  four  whorls,  diameter  at  periphery 
1 .6  times  height  of  spire;  profile  of  last  three  whorls  strongly 
concave  on  the  ramp,  prior  whorls  flat  to  convex;  peripheral 
angulation  made  nodulose  by  about  1 4 short  blunt  axial  ribs; 
suture  near  the  abapical  end  of  the  blunt  axials;  growth  line 
concave  on  the  ramp  and  opisthocline  across  the  periphery. 

Overall  sculpture  of  spiral  ribs,  equal  in  width  to  the  in- 
terspaces, faint  on  the  ramp  and  strong  on  the  periphery. 

Aperture  elongate  elliptical;  inner  lip  a little  thickened  an- 
teriorly, thinning  to  a wash  posteriorly. 

HOLOTYPE.  LACMIP  7552. 

PARATYPES.  LACMIP  7594  from  LACMIP  loc.  9196; 
UCBMP  38188  from  UCB  loc.  A-3368,  both  on  Cantinas 
Creek  [12]. 

TYPE  LOCALITY.  LACMIP  loc.  9196,  Cantinas  Creek, 
San  Luis  Obispo  Co.  [12],  California. 

DIMENSIONS.  Of  holotype,  height  32.8  mm  (incom- 
plete), diameter  22.8  mm,  height  of  spire  14  mm. 
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DISTRIBUTION.  El  Piojo  Formation  (Seiders,  in  press) 
[=part  of  the  Asuncion  Formation  of  Taliaferro  (1944)]  on 
Cantinas  Creek  [12],  and  possibly  basal  San  Francisquito 
Formation  on  Warm  Springs  Mountain  [13]. 

GEOLOGIC  AGE.  Late  Maastrichtian. 

REMARKS.  The  holotype  lacks  the  protoconch,  the  end 
of  the  anterior  siphonal  canal,  and  the  edge  of  the  outer  lip. 
Three  other  specimens  from  Cantinas  Creek  [12]  are  less 
complete.  Three  small  specimens  from  Warm  Spring  Moun- 
tain [ 1 3]  may  also  be  this  species.  Nekewis  seidersi  is  taller 
and  more  turriculate  than  N.  marina,  has  finer  spiral  sculp- 
ture, and  about  three  more  axial  nodes  per  whorl.  Nekewis 
seidersi  is  shorter  than  N.  washingtoniana  (Figs.  67-71)  and 
has  coarser  sculpture. 

ETYMOLOGY.  The  species  is  named  for  Victor  M.  Sei- 
ders who  collected  the  holotype. 

Heteroterma  Gabb,  1869 

TYPE  SPECIES.  By  monotypy  Heteroterma  trochoidea 
Gabb,  1869. 

DISCUSSION.  The  type  species  of  Heteroterma  differs 
from  other  species  usually  assigned  to  Heteroterma  in  having 
a distinctly  binodose  periphery  and  in  being  more  biconical 
in  shape.  No  previously  published  photograph  shows  the 
inner  lip  and  the  anterior  canal.  Gabb  (1869,  pi.  26,  fig.  30) 
sketched  a probable  moderately  long  anterior  canal,  but  Zins- 
meister  (1983,  p.  1298)  considered  Gabb’s  reconstructed  ca- 
nal excessively  long.  Specimens  from  the  lower  Santa  Susana 
Formation  in  the  Simi  Hills  show  the  inner  lip  to  be  rather 
straight,  the  anterior  canal  of  moderate  length,  slightly  twist- 
ed, fasciolate,  and  shallowly  notched.  The  growth  line  is  sim- 
ilar to  that  of  Nekewis  (Figs.  10,  11)  and  has  a posterior  sinus 
on  the  ramp,  and  the  shell  shape  resembles  that  of  Nekewis 
but  is  more  shortly  biconic  and  does  not  have  a pagodaform 
spire.  The  shape  and  growth  line  resemble  and  could  be 
derived  from  that  of  Christitys  Popenoe  & Saul,  1987,  or 
Pseudoperissitys  Nagao  & Otatume,  1938,  by  narrowing  of 
the  periphery.  Some  forms  considered  to  be  Pseudoperissitys 
have  a much  longer  anterior  canal  than  does  Heteroterma; 
length  of  the  anterior  canal  in  Christitys  is  unknown.  Chris- 
titys has  a fold  and  pseudofold  on  the  columella  and  a bifid 
denticulation  within  the  outer  lip;  apertural  features  of  Pseu- 
doperissitys are  unknown. 

Heteroterma  has  been  considered  to  be  a turrid  by  Gabb 
( 1 869)  and  Stewart  (1927);  Finlay  and  Marwick  (1937)  ques- 
tioned its  placement  in  the  Turridae  but  did  not  reassign  it; 
Cossmann  (1901)  and  Nelson  (1925)  placed  it  in  the  Tur- 
binellidae;  Wenz  (1943)  listed  it  under  Pyropsis  in  the  Vas- 
ldae  but  said  that  it  was  insufficiently  known  and  its  rela- 
tionships remained  uncertain;  Zinsmeister  (1983)  placed  it 
in  Tudiclidae.  Zinsmeister  commented  upon  how  atypical 
the  distinctive  H.  trochoidea  was  compared  to  other  species 
assigned  to  Heteroterma;  both  H.  gabbi  Stanton,  1896,  and 
H.  striata  Stanton,  1896,  combine  a relatively  shorter  spire 
with  a longer  anterior  canal.  The  specific  identity  of  both  H. 
gabbi  and  H.  striata  has  been  confused  (Saul,  in  press).  It  is 
to  these  confounded  entities  that  comparison  has  been  made 


for  assignment  of  austral  species  to  Heteroterma  (e.g.,  Finlay 
and  Marwick,  1937). 

Nekewis  simiensis  Zinsmeister,  1 983,  is  most  similar  to  H. 
trochoidea.  It  has  the  conical  spire  of  Heteroterma  rather 
than  the  pagodaform  spire  of  Nekewis.  Its  peripheral  sculp- 
ture is  in  two  bands  as  is  that  of  H.  trochoidea,  but  in  N. 
simiensis  the  anterior  band  is  weaker  and  narrower  than  the 
posterior  band.  The  sculpture  of  N.  simiensis  resembles  that 
of  Christitys  medica  Popenoe  & Saul,  1987,  but  is  more  ob- 
viously separated  into  two  bands. 

Heteroterma ? new  species  of  Saul,  1986,  of  latest  Maas- 
trichtian age  from  Dip  Creek  [12]  is  not  a Heteroterma.  Its 
growth  line  is  suggestive  of  the  Turridae. 

Heteroterma  trochoidea  Gabb,  1869 

Figures  12,  12-16 

Heteroterma  trochoidea  Gabb,  1869,  p.  152,  pi.  26,  figs.  30, 

30a.  Nelson,  1925,  p.  427  (in  part),  pi.  58,  fig.  4 only;  not 

figs.  3 & 5 = Pyropsis  new  species  Saul,  in  press.  Stewart, 

1927,  p.  423,  pi.  25,  fig.  3.  Zinsmeister,  1983,  p.  1299,  fig. 

4 (reprint  of  Gabb,  1869,  fig.  30). 

DIAGNOSIS.  A biconic,  peripherally  binoded  Heteroter- 
ma with  a moderately  high  spire.  The  anterior  siphonal  canal 
is  slightly  twisted,  fasciolate,  and  shallowly  notched. 

DESCRIPTION.  Shell  of  medium  size,  biconic,  with 
slightly  concave-sided  spire  of  about  3 V2— 4 whorls,  a narrow, 
binoded  periphery,  and  an  anterior  fasciole  near  the  tip  of 
the  moderately  long  anterior  canal;  protoconch  unknown; 
height  of  spire  about  0.54  of  diameter  of  whorl  at  periphery, 
anterior  siphonal  neck  less  than  one  third  of  shell  height; 
whorl  profile  concave  on  the  ramp  and  anterior  to  the  pe- 
riphery; peripheral  angulation  accentuated  by  two  spiral  rows 
of  blunt  nodes;  suture  on,  but  not  quite  covering,  the  pos- 
terior row  of  nodes;  growth  line  sinused  on  the  ramp  and 
broadly  antisinused  on  the  flank. 

Overall  sculpture  of  fine,  nearly  even,  spiral  riblets,  riblets 
overriding  the  two  spiral  rows  of  blunt  nodes  which  are  each 
on  a slightly  raised  squarish  sided  spiral  band;  about  1 5 nodes 
per  whorl. 

Aperture  elongate  elliptical;  inner  lip  barely  thickened. 

LECTOTYPE.  ANSP  4237  (Stewart,  1927,  p.  423). 

HYPOTYPES.  LACMIP  7596  from  UCLA  loc.  2330,  7597 
from  UCLA  loc.  2307;  UCBMP  30573  from  UCB  loc.  3776. 

TYPE  LOCALITY.  Near  Martinez,  Contra  Costa  Co., 
California  [10]. 

DIMENSIONS.  Of  hypotype  LACMIP  7596,  height  31 
mm,  diameter  19.9  mm,  height  of  spire  10.7  mm,  length  of 
anterior  siphonal  neck  10.5  mm. 

DISTRIBUTION.  Vine  Hill  Sandstone,  Martinez  area  [10]; 
?Laguna  Seca  Formation,  east  side  Diablo  Range,  Merced 
Co.  [11];  Lower  Santa  Susana  Formation,  Simi  Hills  [15]; 
San  Francisquito  Formation,  Pinyon  Ridge,  Rock  Creek, 
Valyermo  Quadrangle  [14],  California. 

GEOLOGIC  AGE.  Late  Danian  and  early  Selandian,  zone 
of  Turritella  peninsularis. 

REMARKS.  The  locality  and  horizon  of  Gabb's  two  spec- 
imens are  unknown.  Weaver  (1905)  and  Dickerson  (1914) 
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considered  H.  trochoidea  to  be  characteristic  of  the  upper 
“Martinez”  in  the  vicinity  of  Martinez,  but  the  species  does 
not  appear  on  Weaver’s  (1953)  Vine  Hill  Sandstone  check 
list  for  the  Martinez  area  [10].  Nelson’s  (1925,  pi.  58,  fig.  4) 
specimen  is  from  early  in  the  Turritella  peninsularis  Zone, 
as  are  other  specimens  from  the  Santa  Susana  Formation  of 
the  Simi  Hills  [ 1 5].  A poorly  preserved  specimen  from  UCB 
loc.  A-3262,  south  of  Ortigalita  Creek  and  north  of  Laguna 
Seca  Creek,  Charleston  School  Quadrangle,  Merced  Co.  [11], 
in  the  Laguna  Seca  Formation  is  probably  this  species.  Smith 
(1975)  lists  H.  trochoidea  from  the  basal  Lodo  Formation  at 
the  confluence  of  Silver  and  Panoche  creeks,  Fresno  Co.  [11], 
but  specimens  so  labeled  are  HeterotermaQ)  acrita  new 
species.  Heteroterma  trochoidea  has  a higher  spire  than  //.(?) 
acrita,  a narrower  periphery,  a more  biconic  shell,  and  the 
peripheral  nodes  divided  into  two  spiral  bands.  None  of  the 
well-located  occurrences  of  H.  trochoidea  is  younger  than  the 
Turritella  peninsularis  Zone. 

Heteroterma  trochoidea  is  similar  in  shape  to  Nekewis  sim- 
iensis  Zinsmeister,  1983,  but  differs  in  having  the  two  pe- 
ripheral bands  more  nearly  equal  and  flatter  topped.  The 
overall  fine  ribbing  is  also  more  even  than  that  of  N.  sim- 
iensis. 

Heteroterma (?)  acrita  new  species 

Figures  13,  77-84 

Heteroterma  gabbi  Stanton:  Zinsmeister,  1983,  p.  1299  (in 

part),  fig.  3Q  only  (not  figs.  30,  P = H.  gabbi  Stanton). 

DIAGNOSIS.  Heteroterma  with  peripheral  nodes  not 
clearly  separated  into  two  bands  and  no  anterior  fasciole. 

DESCRIPTION.  Shell  of  moderate  size  for  the  genus,  pyr- 
iform, low  spired;  profile  concave  on  the  ramp,  subangled 
on  both  posterior  and  anterior  sides  of  the  periphery,  rather 
straight  across  the  periphery,  contracting  concavely  to  form 
a narrow  siphonal  neck;  suture  covering  or  nearly  covering 
the  nodes  of  the  posterior  angulation,  with  a strong  subsutural 
welt;  growth  line  with  a shallow  antispiral  sinus  across  the 
ramp,  and  a broad  antisinus  across  the  anterior  angulation. 

Overall  sculpture  of  fine  subequal  spiral  ribs,  finest  on  the 
ramp;  periphery  with  about  13  broad,  rounded  axial  ribs, 
somewhat  discontinuous. 

Aperture  lenticular;  outer  lip  thin;  inner  lip  thin,  narrow; 
columella  nearly  straight,  without  folds. 


HOLOTYPE.  LACMIP  7598. 

PARATYPES.  LACMIP  7600  from  UCLA  loc.  2330;  UCR 
6899/8  and  6899/2;  CAS  61666.03  from  CAS  loc.  61666 
[=LSJU  loc.  2073], 

TYPE  LOCALITY.  UCLA  loc.  2307,  Simi  Hills,  Ventura 
Co.,  California  [15], 

DIMENSIONS.  Of  holotype,  height  25.7  mm,  diameter 
16.4  mm,  height  of  spire  8 mm. 

DISTRIBUTION.  Basal  Lodo  Formation  at  the  conflu- 
ence of  Silver  and  Panoche  creeks,  Fresno  Co.  [11];  lower 
Santa  Susana  Formation,  Simi  Hills  [15]. 

GEOLOGIC  AGE.  Early  and  mid-Selandian,  zones  of 
Turritella  peninsularis,  T.  infragranulata  pachecoensis,  and 
early  T.  infragranulata. 

REMARKS.  Specimens  of  this  species  have  been  confused 
with  Heteroterma  trochoidea  Gabb,  Fusinus  waringi  Nelson, 
and  Pyropsisfl)  gabbi  (Stanton).  Its  generic  assignment  re- 
mains equivocal.  The  shell  shape  with  its  concave  ramp  is 
suggestive  of  Perse  Clark,  1 9 1 8 [=  Whitneyella  Stewart,  1927], 
Whitnevella  (Stewart,  1927,  p.  402)  is  described  as  having  a 
single  plication  on  the  columella,  and  Perse  is  placed  in  the 
Fasciolariidae.  This  plication  or  fold  is  of  varying  strength 
even  within  a species.  In  Perse  washingtonianum  (Weaver, 
1912),  the  fold  varies  from  obvious  to  scarcely  discernable, 
and  the  absence  of  a fold  is  perhaps  not  the  most  important 
criterion  for  excluding  //.(?)  acrita  from  Perse.  Despite  its 
other  similarities  of  shape  to  Perse,  this  species  is  question- 
ably assigned  to  Heteroterma  because  of  the  shape  of  its 
columella  and  aperture.  Its  lack  of  a fasciole  near  the  end  of 
the  anterior  siphonal  canal  and  its  thicker,  more  roundly 
expanded  inner  lip  are  its  most  notable  differences  from  Het- 
eroterma and  may  ultimately  remove  //.(?)  acrita  from  this 
genus.  Assignment  of  austral  species  to  Heteroterma  reflects 
the  similarity  of  shape  and  sculpture  of  H.  zelandica  Mar- 
shall, 1917,  of  New  Zealand  and  “ Cominella ” praecursor 
Wilckens,  1907,  of  southern  Patagonia  to  //.(?)  acrita  and 
Pyropsisfl)  gabbi  (Stanton,  1896)  rather  than  to  H.  trochoi- 
dea. Comparison  with  illustrations  suggests  that  //.(?)  acrita 
is  more  closely  related  to  these  austral  species  than  is  /*.(?) 
gabbi. 

None  of  the  specimens  of  //.(?)  acrita  that  are  at  hand  has 
an  unbroken  outer  lip  nor  does  any  appear  to  have  a complete 
anterior  siphonal  canal.  Although  always  strong,  the  strength 
of  the  subsutural  welt  is  somewhat  variable.  The  spiral  rib- 


Figures  57-93.  Arrow  on  apical  view  points  at  aperture.  57-61,  Nekewis  marina  new  species,  LACMIP  7591  from  UCLA  loc.  7149,  holotype, 
57,  aperture  x l'A,  58,  back  x 1 'A,  59,  labral  x l'/t,  60,  ablabral  x l'A,  61,  apical  x V/2.  62-66,  Nekewis  seidersi  new  species,  LACMIP  7552  from 
LACMIP  loc.  9196,  holotype,  62,  aperture  x 1,  63,  back  x 1,  64,  labral  x 1,  65,  ablabral  x 1,  66,  apical  x 1 V2.  67-71,  Nekewis  washingtoniana 
(Weaver,  1912),  LACMIP  7595  from  LACMIP  loc.  7212,  hypotype,  67,  aperture  xl>/4,  68,  back  xl'A,  69,  labral  xl'A,  70,  ablabral  xl>4,  71, 
apical  xli/i  72-76,  Heteroterma  trochoidea  Gabb,  1869,  72,  74,  LACMIP  7596  from  UCLA  loc.  2330,  hypotype,  72,  aperture  xl,  74,  labral 
showing  outline  of  outer  lip  despite  loss  of  shell  on  last  quarter  whorl  x 1;  73,  UCBMP  30573  from  UCB  loc.  3776,  hypotype,  back  x 1;  75,  76, 
LACMIP  7597  from  UCLA  loc.  2307,  hypotype,  75,  ablabral  x V/2,  76,  apical  x 2.  77-84,  Heterotermaf!)  acrita  new  species,  77-80,  84,  LACMIP 
7598  from  UCLA  loc.  2307,  holotype,  77,  aperture  x 1 94,  78,  back  x IV4,  79,  labral  x 1 Vi,  80,  ablabral  x 1 'A,  84,  apical  x 1 '/>;  81,  82,  CAS  61666.03 
from  CAS  loc.  61666,  paratype,  81,  aperture  xl'A,  82,  back  xl>/4;  83,  LACMIP  7600  from  UCLA  loc.  2330,  paratype,  ablabral  xl>/2.  85-91, 
Pseudocymiaft)  wardi  new  species,  85,  86,  GSC  91971  from  GSC  loc.  77447,  paratype,  85,  back  xl,  86,  aperture  xl,  87,  apical  xlVi;  88-91, 
LACMIP  7634  from  Puntledge  River,  Vancouver  Island,  B.C.,  holotype,  88,  aperture  x 1,  89,  back  x 1,  90,  labral  x 1,  91,  ablabral  x 1.  92,  93, 
Christitys  delta  Popenoe  & Saul,  LACMIP  7646  from  LACMIP  loc.  8133,  hypotype,  x 1,  92,  aperture,  93,  labral. 
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bing  resembles  that  of  Ft.  trochoidea  in  being  fine,  relatively 
even,  and  covering  the  shell,  but  is  less  even  than  that  of  Ft. 
trochoidea.  The  peripheral  axial  ribs  are  commonly  some- 
what discontinuous  and  in  some  specimens  have  a binodose 
apsect. 

Heteroterma{l)  acrita  differs  from  H.  trochoidea  in  lacking 
the  small  fasciole  on  the  siphonal  neck,  in  having  a thicker 
inner  lip,  and  in  having  the  peripheral  axial  nodes  not  clearly 
separated  into  two  bands.  It  differs  from  Fusinus  waringi 
Nelson  in  having  a shorter,  straighter  anterior  siphonal  canal, 
finer  spiral  ribbing,  and  a spire  that  is  not  pagodaform.  It 
differs  from  Pyropsis( ?)  gabbi  (Stanton)  in  having  a straighter 
columella,  finer,  more  evenly  distributed  and  graded  spiral 
ribbing,  a higher  spire,  and  a more  sinuous  growth  line. 

ETYMOLOGY.  The  species  name  is  from  Greek,  akritos, 
confused,  doubtful. 

Genus  Pseudocymia  Popenoe  & Saul,  1987 

TYPE  SPECIES.  Pseudocymia  aurora  Popenoe  & Saul, 
1987,  by  original  designation. 

Pseudocymia^ ?)  wardi  new  species 

Figures  85-9 1 

Pseudocymia^ ?)  cf.  P.(7)  aitha  Popenoe  & Saul,  1987,  p.  29, 

figs.  1 1 9-126. 

DIAGNOSIS.  High  spired  Pseudocymia (?)  with  about  12 
axial  ribs  per  whorl  and  flat-topped  spiral  ribs  about  the 
periphery  that  are  wider  than  the  interspaces. 

DESCRIPTION.  Shell  large,  fusiform;  spire  of  about  live 
post-nuclear  whorls,  each  about  IV2  times  as  wide  as  high; 
apical  angle  approximately  30°,  whorl  outline  subangular  with 
shallowly  concave  ramp,  peripheral  angulation  accentuated 
by  short  axial  ribs;  suture  just  abapical  to  the  periphery. 

Sculpture  of  spiral  ribs  narrower  than  the  interspaces  pos- 
terior to  the  periphery,  flat-topped  and  wider  than  the  inter- 
spaces on  the  periphery;  two  stronger  peripheral  ribs  on  early 
whorls,  at  least  three  on  last  whorl;  periphery  made  nodulose 
by  about  12  short  but  strong  axial  ribs. 

Outer  lip  expanded,  bearing  a denticle  near  the  posterior 
end  and  a pair  of  strong  denticles  opposite  the  periphery; 
inner  lip  of  moderate  width,  with  a pseudofold  opposite  the 
periphery  and  at  least  one  parietal  denticle. 

HOLOTYPE.  LACMIP  7634. 

PARATYPE.  GSC  91971  from  GSC  loc.  77447,  Trent 
River,  Vancouver  Island  [3], 

TYPE  LOCALITY.  Puntledge  River,  Vancouver  Island, 
British  Columbia  [3], 

DIMENSIONS.  Of  holotype,  height  62  mm  (incomplete), 
diameter  at  aperture  33.4  mm  (27.4  mm  behind  the  varix), 
height  of  spire  43.6  mm. 

DISTRIBUTION.  Haslam  Formation  on  Puntledge  and 
Trent  rivers,  near  Comax  [3],  Vancouver  Island,  British  Co- 
lumbia and  ?Panoche  Formation,  Howard  Ranch  Quadran- 
gle, Merced  Co.,  California  [11]. 

GEOLOGIC  AGE.  Santonian;  the  holotype  and  paratype 


are  from  the  Bostrychoceras  elongation  Zone,  Pachydiscus 
( Eupachydiscus ) periplicatus  Subzone. 

REMARKS.  Pseudocymia( ?)  wardi  differs  from  typical 
Pseudocymia  in  having  a spire  that  apparently  exceeds  half 
of  total  shell  height  and  in  having  so  few  outer  lip  denticles. 
It  is  the  slenderest  species  referred  to  Pseudocymia^. ) and 
resembles  Zinsitys  edwilsoni  in  spire  height  but  lacks  the 
biangulate  whorl  profile.  The  whorl  profile  of  the  spire  re- 
sembles that  of  Forsia  lorda  and  F.  baia  posterior  to  the 
periphery,  but  anterior  to  the  periphery  is  more  convexly 
rounded.  The  aperture  is  incomplete  on  both  available  spec- 
imens and  neither  has  the  anterior  siphon  preserved.  These 
specimens  are  most  similar  to  Pseudocymia^.)  caha/li,  but 
they  are  higher  spired  and  more  slender,  have  a less  devel- 
oped subsutural  welt,  and  have  more  axial  ribs  per  whorl. 
The  spire  and  sculpture  are  well  preserved  on  the  paratype, 
but  the  holotye  provides  more  of  the  shell  shape. 

The  specimens  identified  as  Pseudocymia(l)  cf.  P.(t)  aitha 
by  Popenoe  and  Saul  (1987,  p.  24)  are  small  and  poorly 
preserved.  They  have  the  same  number  of  axial  ribs  per  whorl 
as  P.tp)  wardi,  but,  perhaps  because  they  are  so  immature, 
they  have  a rounder  whorl  profile.  They  also  have  three  rather 
than  two  outer  lip  denticles  at  the  periphery.  However,  in 
both  specimens  of  P.(l)  wardi  the  aperture  is  damaged  and 
more  denticles  may  be  found  on  more  complete  specimens. 

ETYMOLOGY.  The  species  is  named  for  P.D.  Ward  who 
collected  and  donated  the  holotype. 

Genus  Christitys  Popenoe  & Saul,  1987 

TYPE  SPECIES.  Christitys  medica  Popenoe  & Saul,  1 987, 
by  original  designation. 

Christitys  delta  Popenoe  & Saul,  1987 

Figures  92,  93 

Christitys  delta  Popenoe  & Saul,  1987,  p.  29,  figs.  8,  165- 

168. 

HYPOTYPE.  LACMIP  7646  from  LACMIP  loc.  8133, 
Oak  Run,  Millville  Quadrangle,  Shasta  Co.,  California. 

DIMENSIONS.  Height  33.5  mm  (incomplete),  diameter 
at  aperture  29.4  mm,  height  of  spire  16  mm. 

DISTRIBUTION.  Redding  Formation,  Hooten  Gulch 
Mudstone,  Oak  Run  [7],  Shasta  Co.,  California. 

GEOLOGIC  AGE.  Coniacian. 

REMARKS.  Christitys  delta  was  described  from  one  spec- 
imen broken  at  the  anterior  end  of  the  aperture  providing 
no  information  about  the  anterior  siphon.  A second  speci- 
men, a third  larger  than  the  holotype,  and  with  the  base  of 
the  anterior  siphonal  canal  present,  has  been  discovered. 
Although  incomplete,  this  specimen  suggests  that  the  anterior 
canal  is  bent,  forming  a siphonal  fasciole  and  a pseudoum- 
bilicus. On  the  last  whorl  two  peripheral  spiral  ribs  become 
very  strong,  producing  a periphery  similar  to  that  of  Perissitys 
cretacea  (Cooper,  1896),  but  C.  delta  has  a narrower  apical 
angle  and  a less  rounded  whorl  profile.  It  resembles  Forsia 
lorda  new  species  but  has  a wider  apical  angle,  the  pair  of 
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peripheral  ribs  wider  apart,  and  the  bifid  denticle  slanted 
more  apically. 


Genus  Zinsitys  new  genus 

TYPE  SPECIES.  Zinsitys  meisteri  new  species. 

DIAGNOSIS.  Elongate  bucciniform  to  spindleform  Peris- 
sityidae  that  have  a biangulate  whorl  profile  and  are  slightly 
flattened  in  the  aperture-to-back  dimension.  The  angulations 
are  noded  and  the  whole  shell  is  spirally  ribbed.  The  growth 
line  is  shallowly  notched  on  the  posterior  angulation.  The 
aperture  is  eye-shaped  and  has  a well-developed  posterior 
sinus  and  an  anterior  sinus  of  moderate  depth.  The  flared 
outer  lip  is  slightly  thickened  and  has  a bifid  denticle  well 
within  the  aperture  between  the  biangulations.  The  inner  lip 
is  clearly  demarked,  of  moderate  width,  and  has  a parietal 
ridge  bordering  the  posterior  sinus. 

GEOEOGIC  RANGE.  Coniacian  through  Campanian. 

DISCUSSION.  Zinsitys  is  the  most  elongate  perissityid 
and  has  the  most  biangulate  whorl  profile.  It  resembles 
Christitys  in  having  a strong  bifid  denticulation  well  within 
the  outer  lip;  Pseudocymia  in  having  a well-marked  anterior 
siphonal  fasciole  and  a siphonal  neck  that  is  bent  abaper- 
turally;  the  earliest  species  Z.  meisteri  resembles  Perissitys 
cretacea  in  having  a strong  notch  in  the  outer  lip  on  either 
side  of  the  strong  denticulation.  Zinsitys  spp.  resemble  the 
volute  Rostellinda  dilleri  (White,  1889)  in  being  elongate  with 
a noded  shoulder  and  spiral  ribbing.  Although  R.  dilleri  has 
an  anterior  subangulation  to  the  whorl,  it  lacks  the  nodes  on 
the  anterior  biangulation  of  Zinsitys  spp.  and  has  stronger, 
more  even  spiral  ribs,  three  columellar  folds,  and  no  dentic- 
ulations  within  the  outer  lip.  Zinsitys  resembles  Serrifusus 
Meek,  1876  (see  discussion  and  figures  in  Sohl,  1967,p.  B29), 
in  sculpture  and  biangulate  whorl,  but  Zinsitys,  especially 
the  Campanian  species,  is  more  slender.  Denticulations  have 
not  been  described  within  the  outer  lip  of  Serrifusus.  In  shape 
and  sculpture  Zinsitys  kingii  (Gabb)  resembles  Surculites 
mathewsonii  (Gabb,  1864)  but  5.  mathewsonii  lacks  colu- 
mellar pseudofolds  and  outer  lip  denticulations  and  has  a 
somewhat  deeper  posterior  sinus  to  the  growth  line.  Zinsitys 
spp.,  however,  lose  apertural  armaments  progressively  from 
oldest  to  youngest  species,  and  Zinsitys  kingii  and  S.  ma- 
thewsonii may  be  related.  Surculites  mathewsonii  is  usually 
considered  to  be  a turrid  (e.g.,  Hickman,  1 976),  but  to  Wrig- 
ley  (1939)  the  growth  line  of  Surculites  did  not  appear  to  be 
that  of  a turrid.  He  suggested  that  it  occupied  an  indeter- 
minate position  between  Fusinidae  and  Buccimdae. 

The  earliest  species  of  Zinsitys,  Z.  meisteri,  is  the  least 
elongate,  has  the  most  ornamented  aperture,  including  pseu- 
dofolds on  the  columella,  and  the  strongest  notches  at  the 
anterior  and  posterior  biangulations. 

ETYMOLOGY.  The  generic  name  is  compounded  of  Zins 
(for  W.J.  Zinsmeister)  and  itys,  Greek,  rim  or  felly  of  a wheel. 

Zinsitys  meisteri  new  species 

Figures  94,  97-101 

“ Fusus ” aff.  “F.”  kingii  Gabb;  Popenoe  and  Saul,  1987, 

fig-  6. 


Figures  94-96.  Companson  of  posterior  portion  of  growth  lines  of 
three  species  of  Zinsitys  tracings  from  photographs  enlarged  and  ad- 
justed to  uniform  distance  between  posterior  suture  and  the  midpoint 
between  anterior  and  posterior  angulations.  Heavy  lines  indicate  pos- 
terior and  anterior  sutures,  dashed  line  indicates  midpoint  between 
anterior  and  posterior  angulations,  P indicates  posterior  angulation, 
and  A indicates  anterior  angulation.  94,  Zinsitys  meisteri  new  species, 
the  anterior  angulation  is  just  anterior  to  the  suture;  95,  Z.  edwilsoni 
new  species,  96,  Z.  anassa  new  species. 

DIAGNOSIS.  Short  Zinsitys  (the  spire  height  is  less  than 
the  diameter  at  the  periphery)  with  only  the  posterior  bian- 
gulation exposed  on  the  spire.  The  columella  has  two  pseu- 
dofolds, and  the  outer  lip  is  well  notched  at  both  angulations 
and  is  ornamented  with  denticulations  both  anterior  and 
posterior  to  the  bifid  denticulation. 

DESCRIPTION.  Shell  sturdy,  of  medium  size,  stoutly 
spindleform  with  shouldered  spire  of  more  than  four  whorls 
(excluding  protoconch),  biangulate  ultimate  whorl,  and  flexed 
anterior  canal;  height  of  spire  (excluding  protoconch)  is  0.61 
of  diameter  at  periphery;  anterior  siphonal  neck  less  than 
one  third  of  shell  height,  bent  at  the  base  of  the  whorl  at 
angle  of  about  30°  to  columellar  axis,  with  well-marked  fas- 
ciole; profile  of  spire  tabulate;  profile  of  last  whorl  concave 
on  the  ramp,  concave  between  the  angulations  and  straight 
to  convex  abapical  to  the  anterior  angulation;  suture  covering 
the  anterior  angulation  on  the  spire;  growth  line  slightly  opis- 
thocline  on  the  ramp,  notched  at  the  posterior  angulation, 
barely  sinused  between  the  angulations,  and  slight  antisinus 
anterior  to  the  anterior  angulation;  outer  lip  slightly  flared 
basally  and  thickened  by  varix. 

Overall  sculpture  of  spiral  ribs  of  unequal  strength,  wider 
than  the  interspaces  on  the  early  whorls,  becoming  narrower 
than  interspaces  on  penultimate  whorl;  spirals  on  early  whorls 
made  nodular  at  angulation  by  about  16  short  strong  axial 
ribs;  angulations  of  ultimate  whorl  with  about  1 1 nodes  each. 

Aperture  elongate;  outer  lip  notched  at  the  angulations, 
bearing  a strong  denticle  near  the  posterior  end,  a small  den- 
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tide  between  the  anterior  notch  and  the  bifid  denticle,  and 
a row  of  small  denticles  abapical  to  the  anterior  notch;  inner 
lip  clearly  demarked  with  a posterior  parietal  denticle  and 
two  adapically  slanting  pseudofolds,  the  more  posterior  one 
about  mid  lip  and  barely  anterior  to  the  bifid  denticle  of  the 
outer  lip. 

HQLOTYPE.  LACMIP  7245. 

PARATYPES.  LACMIP  760 1 from  LACMIP  loc.  10816, 
7602  from  LACMIP  loc.  10842  [=CIT  loc.  1223], 

TYPE  LOCALITY.  LACMIP  loc.  10816,  Oak  Run,  Mill- 
ville Quadrangle,  Shasta  Co.,  California  [7], 

DIMENSIONS.  Of  holotype,  height  34.5  mm  (proto- 
conch missing),  diameter  18.8  mm,  height  of  spire  1 1.5  mm, 
length  of  siphonal  neck  10.7  mm. 

DISTRIBUTION.  Redding  Formation;  only  four  speci- 
mens have  been  recognized,  two  from  the  type  locality  in  the 
Hooten  Gulch  Mudstone  on  the  north  side  of  Oak  Run,  one 
from  LACMIP  loc.  8133  [=CIT  loc.  1823]  Oak  Run,  and 
one  from  LACMIP  loc.  10842  [=CIT  loc.  1223],  Swede  Ba- 
sin, all  in  the  Millville  Quadrangle,  Shasta  Co.,  California 
[7]- 

GEOLOGIC  AGE.  Comacian. 

REMARKS.  As  the  stoutest  Zinsitys,  Z.  meisteri  bears  the 
most  resemblance  to  Serrifusus  dakotaensis  (Meek  & Hay- 
den, 1856),  but  even  Z.  meisteri  is  more  slender.  Although 
Erickson  (1974)  places  “A.”  vancouverensis  Whiteaves,  1 879, 
in  the  synonymy  of  A.  dakotaensis.  Z.  meisteri  is  not  similar 
to  “A.”  vancouverensis  which  has  a flange-like  peripheral 
keel,  very  short  anterior  siphon,  and  nearly  trochiform  shape. 
" Serrifusus"  joaqidnensis  Anderson,  1958  (excluded  from  A. 
dakotaensis  by  Erickson,  1974)  is  close  to,  if  not  identical 
with,  “A.”  vancouverensis. 

ETYMOLOGY.  The  species  is  named  for  W.J.  Zinsmeis- 
ter  for  his  contributions  to  the  study  of  Late  Cretaceous  and 
Early  Tertiary  faunas. 

Zinsitys  edwilsoni  new  species 

Figures  95,  102-109 

DIAGNOSIS.  Elongate  Zinsitys  having  the  whorl  profile 
between  the  biangulations  strongly  concave.  The  outer  lip  is 
well  notched  at  the  posterior  angulation  and  has  within,  in- 
terior to  the  anterior  angulation,  a ridge-like  denticle  paral- 
leling the  bifid  denticle. 


DESCRIPTION.  Shell  sturdy,  moderately  large,  spindle 
shaped  with  high,  shouldered  spire  of  more  than  four  whorls 
(excluding  protoconch),  biangulate  ultimate  whorl,  and  flexed 
anterior  canal;  height  of  spire  (excluding  protoconch)  1.63 
times  diameter  at  periphery;  anterior  siphonal  neck  about 
one  third  of  shell  height,  bent  at  the  base  of  the  whorl  at  an 
angle  of  about  20°  to  columellar  axis,  with  well-marked  fas- 
ciole;  profile  of  last  whorl  concave  on  the  ramp,  concave 
between  the  angulations,  and  convex  abapical  to  the  anterior 
angulation;  suture  on  but  not  covering  the  anterior  angula- 
tion; growth  line  slightly  opisthocline  on  the  ramp,  notched 
at  the  posterior  angulation,  and  forming  a broad  antisinus 
anteriorly;  outer  lip  flaring  basally  and  slightly  thickened  by 
varix. 

Overall  sculpture  of  fine  spiral  riblets  of  unequal  strength 
narrower  than  the  interspaces;  posterior  angulation  with  about 
1 1 strong  nodes,  anterior  angulation  with  broad  rib  and  nodes, 
and  just  abapical  to  the  anterior  angulation  a second  broad 
rib,  nearly  equal  to  the  rib  on  the  angulation. 

Aperture  elongate;  outer  lip  well  notched  at  the  posterior 
angulation  and  slightly  notched  at  the  anterior  angulation, 
bearing  a small  denticle  near  the  posterior  end,  a small  den- 
ticle between  the  posterior  notch  and  the  spirally  elongate 
bifid  denticle,  and  about  at  the  anterior  angulation  a ridge  - 
like  denticle  paralleling  the  bifid  denticle;  inner  lip  clearly 
demarked  with  a posterior  parietal  denticle  and  a low  pseu- 
dofold just  anterior  to  the  strong  bifid  denticle  of  the  outer 
lip. 

HOLOTYPE.  CAS  60172.01. 

PARATYPES.  CAS  60172.02  from  Antelope  Creek  [8]; 
CAS  53551.01  from  CAS  loc.  53551,  South  Cow  Creek  [7]; 
LACMIP  7606  from  UCLA  loc.  4105,  Old  Cow  Creek  [7], 
California;  GSC  87207  from  GSC  loc.  15616,  Brown’s  River 
[3],  British  Columbia. 

TYPE  LOCALITY.  CAS  loc.  60172,  Antelope  Creek,  Te- 
hama Co.,  California  [8]. 

DIMENSIONS.  Of  holotype  CAS  60172.01,  height  58.2 
mm  (earliest  whorls  missing),  diameter  22  mm,  height  of 
spire  26  mm  (earliest  whorls  missing),  length  of  siphonal  neck 
19.3  mm;  of  paratype  CAS  53551.01,  height  71.5  mm,  di- 
ameter 22.3  mm,  height  of  spire  36.4  mm. 

DISTRIBUTION.  Haslam  Formation  along  Brown’s  Riv- 
er [3]  and  Elkhorn  Creek  [4],  British  Columbia;  Redding 


Figures  97-128.  Zinsitys  spp.,  all  figures  x 1 unless  otherwise  indicated.  Arrow  on  apical  views  points  at  aperture.  97-101,  Zinsitys  meisteri 
new  species,  LACMIP  7245  from  LACMIP  loc.  10816,  holotype,  97,  apertural,  98,  back,  99,  labral,  100,  ablabral.  101,  apical.  102-109,  Zinsitys 
edwilsoni  new  species,  102,  105,  106,  CAS  60172.01  from  CAS  loc.  60172,  holotype,  102,  aperture  with  crushed  outer  lip,  105,  ablabral,  106, 
apical;  103,  LACMIP  7606  from  UCLA  loc.  4105,  paratype,  back;  104,  CAS  60172.02  from  CAS  loc.  60172,  paratype,  labral;  107,  109,  GSC 
87207  from  GSC  loc.  15616,  paratype,  107,  aperture,  109,  labral;  108,  CAS  53551.01  [=CSMB  14533]  from  CAS  loc.  53551,  paratype,  specimen 
with  most  complete  mature  aperture.  1 10-1 18,  Zinsitys  anassa  new  species,  1 10,  115,  118,  LACMIP  7608  from  LACMIP  loc.  10446,  paratype, 
110,  apical  x 1.5,  115,  aperture,  118,  back;  111,  LACMIP  7609  from  LACMIP  loc.  10446,  paratype,  aperture;  112,  LACMIP  7610  from  UCLA 
loc.  4933,  paratype,  outer  lip  cut  away  to  show  pseudofold  on  columella;  113,  114,  116,  117,  LACMIP  7246  from  UCLA  loc.  7003;  holotype, 
113,  aperture,  114,  back,  116,  labral,  117,  ablabral.  119-127,  Zinsitys  kingii  (Gabb,  1864),  119,  123,  LACMIP  7612  from  LACMIP  loc.  10096, 
hypotype,  119,  ablabral,  123,  aperture;  120,  UCBMP  1 1965  from  Cottonwood  Creek,  Siskiyou  Co.,  California,  holotype,  back;  121,  124,  125, 
127,  GSC  87206  from  GSC  loc.  83921,  hypotype,  121,  labral,  124,  aperture,  125,  back,  127,  ablabral;  122,  126,  LACMIP  761 1 from  LACMIP 
loc.  10715,  hypotype,  122,  aperture,  126,  labral.  128,  Zinsitys ? sp.,  LACMIP  7643  from  UCLA  loc.  5028,  hypotype,  back. 
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Formation  on  Old  Cow  and  South  Cow  creeks  [7];  Chico 
Formation  on  Antelope  and  Mill  creeks  [8],  California. 

GEOLOGIC  AGE.  Santonian. 

REMARKS.  At  hand  are  three  specimens  of  this  species 
from  Vancouver  Island  and  six  specimens  from  northern 
California.  The  small  specimen  (Fig.  103)  from  the  top  of 
Member  V on  Old  Cow  Creek  (UCLA  loc.  4105)  [7]  is  very 
similar  to  specimens  of  Z.  meisteri,  but  the  nodes  of  the 
anterior  angulation  show  just  adapical  to  the  suture,  a strong 
rib  is  present  on  the  ultimate  whorl  abapical  to  the  anterior 
angulation,  and  the  shell  is  slightly  more  elongate. 

Zinsitys  edwilsoni  is  more  elongate  than  Z.  meisteri , has 
a more  pronounced  flare  to  the  anterior  portion  of  the  outer 
lip,  and  fewer,  weaker  pseudofolds  on  the  inner  lip.  The  notch 
at  the  posterior  angulation  is  proportionately  nearer  the  su- 
ture, and  the  posterior  and  anterior  outer  lip  notches  are 
farther  apart. 

ETYMOLOGY.  The  species  is  named  for  Edward  C.  Wil- 
son. 

Zinsitys  anassa  new  species 

Figures  96,  110-118 

Fusus  kingii  Gabb:  Whiteaves,  1879,  p.  119,  pi.  15,  fig.  4. 

Whiteaves,  1903,  p.  356. 

“ Fusus ” cf.  “if”  kingii  Gabb:  Popenoe  and  Saul,  1987,  figs. 

14,  15. 

DIAGNOSIS.  Elongate  Zinsitys  having  the  whorl  profile 
between  the  angulations  slightly  concave.  The  outer  lip  is 
notched  at  the  posterior  angulation,  and  the  columella  has 
only  one  low  pseudofold. 

DESCRIPTION.  Shell  sturdy,  large,  spindle  shaped  with 
high  spire  of  more  than  five  whorls  (excluding  protoconch), 
biangulate  ultimate  whorl,  and  flexed  anterior  canal;  proto- 
conch large,  of  about  2 Vi  whorls;  height  of  spire  (excluding 
protoconch)  about  1.7  times  diameter  at  periphery;  anterior 
siphonal  neck  about  one  fifth  of  shell  height,  bent  at  the  base 
of  the  whorl  at  an  angle  of  about  25°  to  columellar  axis,  with 
well-marked  fasciole;  first  post-nuclear  whorl  convexly 
rounded;  second  whorl  slightly  angled  medially;  third  and 
succeeding  whorls  concave  on  the  ramp,  angled  medially  at 
the  posterior  angulation,  and  straight  to  slightly  concave  be- 
tween the  anterior  and  posterior  angulations;  suture  just 
abapical  to  the  anterior  angulation;  profile  of  last  whorl  con- 
cave on  the  ramp,  concave  between  the  angulations,  and 
convex  abapical  to  the  anterior  angulation;  growth  line  pro- 
socline  on  the  ramp,  forming  a broad  sinus  across  the  pe- 
riphery and  a shallow  antisinus  across  the  base,  notched  at 
both  the  angulations,  curving  into  the  siphonal  fasciole;  outer 
lip  flaring  basally  and  slightly  thickened  by  varix. 

Overall  sculpture  of  spiral  riblets  of  unequal  strength, 
slightly  narrower  than  the  interspaces;  first  two  post-nuclear 
whorls  with  spiral  riblets  only;  third  and  fourth  whorls  with 
nodes  on  the  posterior  angulation;  fifth  and  succeeding  whorls 
with  10-11  nodes  per  whorl  on  both  angulations;  posterior 
angulation  marked  by  stronger  rib  on  early  whorls,  but  by 
fine  riblets  after  the  fifth  whorl;  anterior  angulation  marked 


by  strong  rib,  a nearly  equal  flat-topped  rib  abapical  to  the 
anterior  angulation,  and  three  or  four  additional  subequal 
flat-topped  ribs  anteriorly  on  the  whorl;  siphonal  neck  with 
irregularly  spaced  striae. 

Aperture  elongate;  outer  lip  notched  at  the  posterior  an- 
gulation bearing  well  within  a bifid  denticle  between  the  an- 
terior and  posterior  angulations;  inner  lip  clearly  demarked 
with  a posterior  parietal  denticle  and  a low  pseudofold  op- 
posite the  bifid  denticle. 

HOLOTYPE.  L ACM  IP  7246. 

PARATYPES.  GSC  5793  from  Sucia  Island  [5]  (Whit- 
eaves’ hypotype  of  Fusus  kingii  Gabb,  Bolton,  1965,  p.  23); 
LACMIP  7608-7609  from  LACMIP  loc.  10446  [=CIT  loc. 
1400],  Sucia  Island  [5],  7610  from  UCLA  loc.  7003. 

TYPE  LOCALITY.  UCLA  loc.  7003,  east  end  of  Little 
Sucia  Island,  San  Juan  Co.,  Washington  [5]. 

DIMENSIONS.  Of  holotype,  height  99.4  mm  (proto- 
conch and  three  earliest  whorls  missing),  diameter  30  mm, 
height  of  spire  5 1 mm  (excluding  protoconch  and  three  ear- 
liest whorls),  length  of  siphonal  neck  2 1 .4  mm;  of  paratype 
LACMIP  7608,  height  34.9  mm  (anterior  siphon  missing), 
diameter  13.5  mm,  height  of  spire  19.8  mm. 

DISTRIBUTION.  Chignik  Formation,  lower  member,  at 
Whaler’s  Creek  (USGS  loc.  5795),  Alaska  Peninsula  [ 1 ];  Has- 
lam  Formation,  Elkhorn  and  Brannan  creeks  [4]  and  Cedar 
District  Formation  on  Sucia  Island  [5];  Chico  Formation  at 
Tuscan  Springs  [8],  Ten  Mile  Member  of  Chico  Formation 
on  Chico  Creek  [9],  upper  Holz  Shale  Member  of  Ladd  For- 
mation, Santa  Ana  Mountains  [16].  The  “lower  graywacke” 
of  the  Nanaimo  Group  in  the  Suquash  Basin,  northern  Van- 
couver Island  [2]  has  been  considered  to  be  correlative  to 
the  Cedar  District  Formation.  An  immature  specimen  from 
southeast  of  Thomas  Point  (GSC  loc.  83921)  may  be  Z. 
anassa,  but  because  it  has  comparatively  fine  nodes  on  the 
anterior  angulation,  it  is  identified  as  Z.  kingii. 

GEOLOGIC  AGE.  Early  and  mid-Campanian,  zones  of 
Submortoniceras  chicoense  and  Hoplitoplacenticeras  vancou- 
verense. 

REMARKS.  At  hand  are  22  specimens  of  Zinsitys  anassa, 
more  specimens  than  known  for  all  other  species  of  Zinsitys 
combined.  Zinsitys  anassa  is  also  the  most  widespread  geo- 
graphically, occurring  from  Alaska  to  Orange  County,  Cal- 
ifornia. The  species  is  most  abundantly  represented  in  the 
Cedar  District  Formation  on  Sucia  Island  [5],  The  specimen 
from  the  Chignik  Formation  along  Whaler’s  Creek  (USGS 
loc.  5795),  Alaska  [1],  is  incomplete  and  poorly  preserved, 
but  the  spire  height  suggests  Z.  anassa  rather  than  Z.  ed- 
wilsoni. The  Chignik  Formation  is  considered  to  be  Cam- 
panian (Jones,  1963)  based  on  the  occurrence  of  Inoceramus 
schmidtii  and  Canadoceras  newberryanum. 

Zinsitys  anassa  differs  from  Z.  edwilsoni  in  being  more 
elongate,  having  a less  concave  whorl  profile  between  the 
anterior  and  posterior  angulations,  a more  expanded  flare  to 
the  outer  lip,  and  fewer  ornamentations  to  the  aperture.  It 
differs  from  Z.  kingii  (Gabb,  1864)  in  its  less  concave  whorl 
profile  between  the  anterior  and  posterior  angulation  and  in 
having  a pseudofold  on  the  columella. 
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ETYMOLOGY.  The  specific  name  is  derived  from  Greek, 
anassa,  queen,  lady. 

Zinsitys  kingii  (Gabb,  1864) 

Figures  1 19-127 

Fusus  kingii  Gabb,  1864,  p.  85,  pi.  28,  fig.  204. 

Not  Fusus  kingii  Gabb:  Whiteaves,  1879,  p.  199,  pi.  1 5,  fig. 

4.  Whiteaves,  1903,  p.  356  = Z.  anassa  new  species. 

DIAGNOSIS.  Elongate  Zinsitys  without  pseudofolds  on 
the  columella. 

DESCRIPTION.  Shell  sturdy,  large,  spindle  shaped,  with 
high  spire  of  more  than  five  whorls,  biangulate  ultimate  whorl, 
and  flexed  anterior  canal;  protoconch  unknown,  anterior  si- 
phonal  neck  bent  at  the  base  of  the  whorl  at  an  angle  of  about 
10°  to  columellar  axis,  with  well-marked  fasciole;  whorl  pro- 
file barely  concave  on  the  ramp  with  a slight  subsutural  swell- 
ing, angled  medially  at  the  posterior  angulation  and  straight 
to  slightly  concave  between  the  anterior  and  posterior  an- 
gulations, suture  just  covering  the  anterior  angulation;  profile 
of  last  whorl  barely  concave  on  the  ramp,  concave  between 
the  angulations,  and  straight  to  slightly  convex  abapical  to 
the  anterior  angulation;  growth  line  prosocline  on  the  ramp, 
forming  a broad  sinus  across  the  periphery  and  a shallow 
antisinus  across  the  base,  curving  into  the  siphonal  fasciole; 
outer  lip  flaring  basally. 

Overall  sculpture  of  spiral  riblets  of  unequal  strength, 
slightly  narrower  than  the  interspaces;  about  10  nodes  each 
on  the  anterior  and  posterior  angulations,  nodes  of  anterior 
angulation  much  the  weaker. 

Aperture  elongate;  outer  lip  notched  at  the  posterior  an- 
gulation, bearing  well  within  a bifid  denticle  between  the 
anterior  and  posterior  angulations;  inner  lip  clearly  de- 
marked. 

HOLOTYPE.  UCBMP  1 1965. 

HYPOTYPES.  LACMIP  76 1 1 from  LACMIP  loc.  10715, 
Dayton  Canyon,  Simi  Hills  [15],  7612  from  LACMIP  loc. 
10096,  Santa  Ana  Mountains  [16],  and  GSC  87206  from 
GSC  loc.  83921,  near  Port  Hardy,  Vancouver  Island  [2]. 

TYPE  LOCALITY.  “Cottonwood  Creek,  Siskiyou  Coun- 
ty, north  of  Yreka.  Named  after  Mr.  Clarence  R.  King,  who, 
with  Prof.  Brewer,  collected  all  the  fossils  brought  from  this 
locality”  (Gabb,  1864,  p.  85);  probably  from  the  Hornbrook 
Formation,  Rancheria  Gulch  Sandstone  Beds  (Nilson,  1984) 
[6], 

DIMENSIONS.  Of  holotype,  height  27.8  mm,  diameter 
11  mm;  of  hypotype  LACMIP  7611,  height  69.6  mm  (in- 
complete, lacking  three  early  whorls  and  siphonal  neck),  di- 
ameter 24  mm,  height  of  spire  35.6  mm  (lacking  protoconch 
and  three  early  whorls). 

DISTRIBLITION.  “Lower  graywacke”  in  the  Suquash  Ba- 
sin, Vancouver  Island  [2];  Rancheria  Gulch  Sandstone  Beds 
of  the  Hornbrook  Lormation,  Cottonwood  Creek,  Siskiyou 
Co.  [6];  Chatsworth  Lormation,  Dayton  Canyon,  Simi  Hills 
[15];  and  Pleasants  Sandstone  Member  of  the  Williams  For- 
mation,  Santa  Ana  Mountains  [16], 


GEOLOGIC  AGE.  Late  Campanian,  zone  of  Metaplacen- 
ticeras  pacificum. 

REMARKS.  The  above  description  is  based  upon  five 
incomplete  specimens  in  addition  to  the  holotype.  The  growth 
line  cannot  be  traced  on  any  one  of  them.  The  most  complete 
mature  specimen  is  from  Dayton  Canyon  [ 1 5],  but  it  lacks 
the  earliest  whorls  and  the  anterior  siphonal  neck;  its  shell 
surface  is  poorly  preserved,  in  part  due  to  endoliths  (probably 
mainly  boring  sponges).  The  specimen  (GSC  87206)  from 
the  lower  graywacke  sequence  of  the  Suquash  Basin  southeast 
of  Thomas  Point  (GSC  loc.  83921)  [2]  differs  from  Sucia 
Island  [5]  specimens  of  Z.  anassa  in  having  a whorl  profile 
less  concave  between  the  two  angulations  and  the  anterior 
angulation  much  more  weakly  noded.  Metaplacenticeras  oc- 
cidentale  (Whiteaves,  1889)  occurs  in  an  overlying  siltstone 
unit,  and  Jeletzky  (in  Muller  and  Jeletzky,  1970,  p.  60)  sug- 
gested that  the  lower  graywacke  might  be  assignable  to  the 
Hop/itop/acenticeras  vancouverense  Zone  and  correlated  with 
the  Cedar  District  Lormation.  If  GSC  87206  is  indeed  Z. 
kingii,  the  lower  graywacke  at  GSC  loc.  83921  is  within  the 
Metaplacenticeras  pacificum  Zone,  and  the  beds  correlate 
with  those  outcrops  of  the  Cedar  District  Formation  in  the 
Comox  Basin  [3]  which  have  been  recognized  as  belonging 
to  this  zone  (Jeletzky  in  Muller  and  Jeletzky,  1970,  p.  70). 
The  regrettable  lack  of  adequate  specimens  of  this  species 
makes  its  recognition  questionable.  Based  upon  available 
specimens,  Zinsitys  kingii  differs  from  Z.  anassa  in  lacking 
the  pseudofold  and  posterior  parietal  denticle  on  the  inner 
lip,  in  being  slightly  more  elongate,  in  having  the  whorl  profile 
less  concave  between  the  two  angulations,  the  anterior  an- 
gulation less  strongly  noded,  and  covered  by  the  suture  on 
the  spire. 

IZinsitys  sp. 

Figure  128 

A specimen  from  UCLA  loc.  5028  (Mt.  Chiginagak  area 
[1])  resembles  Zinsitys  in  being  high  spired  and  having  the 
whorls  of  the  spire  angulate.  Whether  or  not  the  last  whorl 
is  biangulate  is  undeterminable  because  shell  is  missing  from 
the  anterior  half  of  the  last  whorl.  An  impression  of  two  outer 
lip  denticulations  positioned  as  in  Zinsitys  is  present  on  the 
cast  of  an  earlier  whorl.  The  spiral  ribbing  is  more  even  and 
wider  than  the  interspaces,  the  nodes  of  the  angulation  much 
less  well  developed,  the  whorl  profile  less  angulate  and  less 
concave  than  in  Z.  meisteri,  Z.  edwilsoni,  Z.  anassa,  or  Z. 
kingii.  The  specimen  was  collected  from  beds  of  the  upper 
Chignik  Formation  in  association  with  Inoceramus  schmidtii 
and  is  probably  of  early  Campanian  age.  Its  spire  height  is 
similar  to  that  of  Z.  anassa  of  similar  age,  but  the  angulation 
on  the  spire  of  Z.  anassa  is  closer  to  the  posterior  suture. 
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Kooser,  University  of  California,  Riverside;  and  F.J.  Collier  and 
.I.W.M.  Thompson,  U.S.  National  Museum.  T.  Kase,  Department 
of  Geology,  National  Science  Museum,  Japan,  sent  excellent  plaster 
casts  of  Japanese  perissityids,  several  of  them  undescribed,  that  have 
been  of  considerable  help.  V.M.  Seiders,  U.S.  Geological  Survey, 
Menlo  Park,  arranged  access  and  transportation  to  fossil  localities 
near  Lake  Nacimiento,  San  Luis  Obispo  Co..  California.  Line  draw- 
ings were  artistically  executed  by  W.S.  Griswold.  This  paper  has 
benefited  from  the  criticisms  of  K.E.  Campbell,  G.L.  Kennedy,  P.U. 
Rodda,  N.G.  Sohl,  and  E.C.  Wilson. 
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LOCALITIES  CITED 

With  the  exception  of  type  localities,  for  which  complete  descriptions 

are  given,  previously  published  localities  are  abbreviated  and  the  ref- 
erence is  listed.  Bracketed  numbers  key  the  localities  to  Figure  1. 

[ 1 5]  2307  UCLA:  E side  near  crest  of  spur  W of  W branch  of  Meier 
Canyon,  1.8  mi.  SW  of  961  B.M.,  Santa  Susana,  3500  ft.  SE  of  hill 
1480  in  sec.  13,  T2N,  R17W,  Santa  Susana  Quad.,  Simi  Hills, 
Calabasas  Quad.,  Ventura  Co.,  Calif.  Coll.:  Popenoe,  1/9/46.  Lower 
Santa  Susana  Fm.  ?Late  Danian  or  early  Selandian. 

[15]  2330  UCLA:  Nose  of  spur  on  NW  side  Meier  Canyon,  approx. 
3750  ft.  S 50°E  of  1473  ft.  hill,  SE'/t,  SE'A  sec.  12,  T2N,  R18W, 
Santa  Susana  Quad.,  Ventura  Co.,  Calif.  Coll.:  W.P.  Popenoe,  April 
3,  1946.  Lower  Santa  Susana  Fm.  Early  Selandian. 

[1 1]  A-3262  UCB:  About  3.5  mi.  S of  Ortigalita  Creek,  Charleston 
School  Quad.,  Merced  Co.,  Calif.  Laguna  Seca  Fm.  Danian  (Po- 
penoe and  Saul,  1987,  p.  35). 

[12]  A-3368  UCB:  Cantinas  Creek  N'fr  of  NE'A  sec.  8,  T23S,  R9E, 
Bryson  Quad.,  San  Luis  Obispo  Co.,  Calif.  Coll.:  McCoy,  6/7/40. 
Asuncion  Group.  Late  Maastrichtian. 

[9]  3623  UCLA:  E bank  Chico  Creek.  Paradise  Quad.,  Butte  Co., 
Calif.  Chico  Fm.,  lower  Musty  Buck  Member.  Santonian  (Matsu- 
moto,  1960,  p.  155). 

[9]  3624  UCLA:  First  ravine  to  S of  Mickey’s  Place  on  W side  of 
Chico  Creek  about  500  ft.  upstream  from  UCLA  3622  and  100  ft. 
below  fork  in  ravine,  800  ft.  N,  900  ft.  E ofSW  cor.  sec.  1,  T23N, 
R2E,  Paradise  Quad..  Butte  Co.,  Calif.  Coll.:  L.R.  & R.B.  Saul, 
1952.  Chico  Fm.,  Musty  Buck  Member.  Early  Santonian  (Popenoe 
and  Saul,  1987,  p.  35). 

[9]  3627  UCLA:  E bank  of  Chico  Creek,  Paradise  Quad.,  Butte  Co., 
Calif  Chico  Fm.,  Musty  Buck  Member.  Santonian  (Matsumoto, 
1960,  p.  156). 

[9]  3628  UCLA:  E bank  of  Chico  Creek,  Paradise  Quad.,  Butte  Co., 
Calif.  Chico  Fm.,  Musty  Buck  Member.  Santonian  (Popenoe  et  ah, 
1987,  p.  99). 

[9]  3630  UCLA:  W side  Chico  Creek  valley.  Paradise  Quad.,  Butte 
Co.,  Calif.  Chico  Fm.,  basal  Ten  Mile  Member.  Late  Santonian 
(Popenoe  et  ah,  1987,  p.  100). 

[9]  3635  UCLA:  E bank  Chico  Creek,  Paradise  Quad.,  Butte  Co., 
Calif.  Coll.:  L.R.  & R.B.  Saul,  Aug.  17,  1952.  Chico  Fm.,  basal  Ten 
Mile  Member.  Early  Campanian  (Popenoe  and  Saul,  1987,  p.  36). 

[9]  3637  UCLA:  E bank  Chico  Creek,  1250  ft.  N,  50  ft.  W of  SE  cor. 
sec.  14,  T23N,  R2E,  Paradise  Quad.,  Butte  Co.,  Calif.  Coll.:  L.R. 
& R.B.  Saul,  August  18,  1952.  Chico  Fm.,  Ten  Mile  Member.  Early 
Campanian  (Matsumoto,  1960,  p.  15,  156). 


[9]  3639  UCLA:  E bank  Chico  Creek,  Paradise  Quad.,  Butte  Co., 
Calif.  Chico  Fm.,  Ten  Mile  Member.  Early  Campanian  (Saul,  1983, 

p.  121). 

[9]  3642  UCLA:  W bank  Chico  Creek,  Paradise  Quad.,  Butte  Co., 
Calif.  Chico  Fm.,  Ten  Mile  Member.  Early  Campanian  (Matsu- 
moto, 1960,  p.  156). 

[9]  3643  UCLA:  Chico  Creek,  Paradise  Quad.,  Butte  Co.,  Calif.  Chico 
Fm.,  middle  Ten  Mile  Member.  Early  Campanian  zones  of  Sub- 
mortoniceras  chicoense  and  Turritella  chicoensis  holzana  (Saul,  1974, 
p.  1093). 

[9]  3648  UCLA  (=C1T  1 183;  LACMIP  10861):  “Fossil  Bluff,"  W side 
Chico  Creek,  1700  ft.  S,  1800  ft.  E of  NW  cor.  sec.  35,  T23N,  R2E, 
Paradise  Quad.,  Butte  Co.,  Calif.  Coll.:  L.R.  & R.B.  Saul,  August, 
1952.  Chico  Fm.,  Ten  Mile  Member.  Late  early  Campanian. 

[15]  3776  UCB:  Simi  Hills,  Ventura  Co.,  Calif.  Santa  Susana  Fm., 
?late  Danian-early  Selandian  (Nelson,  1925,  p.  440). 

[7]  4105  UCLA:  Sandstone  cropping  out  at  forks  of  gulch  tributary 
to  Old  Cow  Creek,  Jesse  Hufford  ranch,  2000  ft.  S,  2500  ft.  W of 
NE  cor.  sec.  30,  T32N,  R1W,  Millville  Quad.,  Shasta  Co.,  Calif. 
Coll:  W.P.  Popenoe,  Aug.  23,  1958.  Redding  Fm.,  top  of  Member 
V (Popenoe,  1943)  = Oak  Run  Conglomerate  Member  (Haggart, 
1986).  Early  Santonian. 

[7]  4217  UCLA:  Bed  of  Clover  Creek,  700  ft.  N,  1200  ft.  W of  SE 
cor.  sec.  22,  T32N,  R2W,  Millville  Quad.,  Shasta  Co.,  Calif.  Coll.: 
Popenoe  & Dailey,  1959.  Redding  Fm.,  Member  VI  of  Popenoe, 
1943;  Hooten  Gulch  Mudstone  of  Haggart,  1986.  Late  Santonian 
(Popenoe  et  ah,  1987,  p.  100— as  UCLA  4127). 

[5]  4933  UCLA:  Bluffs  southeast  end  Sucia  Island,  sec.  25,  T38N, 
R2W,  Orcas  Island  Quad.,  San  Juan  Co.,  Washington.  Coll.:  T. 
Susuki,  1962.  Cedar  District  Fm.,  lowest  horizon— just  above  peb- 
ble conglomerates.  ?Mid-Campanian. 

[1]  5028  UCLA:  Near  the  crest  of  NW  trending  ridge  extending  from 
Mt.  Chiginagak,  due  north  of  Mt.  Chiginagak,  S63°W  from  Alai, 
S80°E  from  Icy  Peak,  Ugashik  Quad.,  Aleutian  Range,  Alaskan 
Peninsula,  Alaska.  Coll.:  W.C.  Goth,  1959.  LIpper  Chignik  Fm., 
Early  Campanian. 

[I]  5795  USGS:  Whaler  Creek,  about  2 mi.  from  Chignik  Lagoon, 
Alaska  Peninsula.  Chignik  Fm.,  Lower  Member  (Martin,  1926,  p. 
304).  Campanian,  Inoceramus  schmidtii  Zone  (Popenoe  and  Saul, 
1987,  p.  36). 

[ 1 5]  6899  UCR:  Simi  Hills,  Calabasas  Quad.,  Ventura  Co.,  Calif.  Santa 
Susana  Fm.  Selandian  (Zinsmeister,  1983,  p.  1303). 

[5]  7003  UCLA:  East  end  of  Little  Sucia  (SW  islet  of  Sucia  Is.)  approx. 
200  ft.  S from  N side  of  islet  and  at  base  of  northern  E-facing  cliff 
outcrop,  sec.  26,  T38N,  R2W,  Orcas  Island  Quad.,  San  Juan  Co., 
Washington.  Coll.:  R.B.  Saul,  1972.  Cedar  District  Fm.,  ?just  below 
Hoplitoplacenticeras.  Mid-Campanian  (Popenoe  and  Saul,  1987,  p. 
37). 

[II]  7044  LACMIP:  Fresh  road  cut  E bank  of  Silver  Creek  'A  mi.  S 
of  junction  with  Panoche  Creek,  Turney  Hills  Quad.,  Fresno  Co., 
Calif.  Coll.:  Weaver,  1949.  Basal  Lodo  Fm.  Mtd-Selandian. 

[17]  7149  UCLA:  Fossilsat  beach  level  from  sea  cliff  exposure  approx. 
2 km  S of  San  Antonio  del  Mar,  Baja  California,  Mexico.  Coll.: 
Victor  Miller,  1 984.  Rosario  Fm.  Early  Maastrichtian  (Popenoe  and 
Saul.  1987,  p.  37). 

7212  LACMIP  (=CIT  812):  West  bank  of  Cowlitz  River  about  2 mi. 
upstream  from  toll  bridge  at  Olequah  and  3'h  mi.  E of  Vader  in  sec. 
27,  T1  IN,  R2W,  Lewis  Co.,  Washington.  Coll.:  Scharf  & Popenoe, 
9/7/30.  Cowlitz  Fm.  Late  middle  Eocene. 

[7]  8133  LACMIP  (=CIT  1823):  Oak  Run,  Millville  Quad.,  Shasta 
Co.,  Calif.  Coll.:  W.P.  Popenoe.  Redding  Fm.,  Hooten  Gulch  Mud- 
stone. Coniacian. 

[12]  9196  LACMIP:  Conglomerate  cropping  out  on  east  side  of  Can- 
tinas Creek  just  (approx.  100  ft.)  north  of  south  line  of  sec.  5,  T25S, 
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R9E,  Bryson  Quad.,  San  Luis  Obispo  Co.,  Calif.  Coll.:  V.M.  Seiders, 
L.R.  & R.B.  Saul,  Nov.  13,  1985.  El  Piojo  Fm.  Early  late  Maas- 
trichtian. 

[16]  10093  LACMIP  (=UCLA  4191;  CIT  1053):  N of  Santiago  Creek, 
El  Toro  Quad.,  Santa  Ana  Mts.,  Orange  Co.,  Calif.  Ladd  Fm.,  upper 
Holz  Shale  Member.  Early  Campanian  (Matsumoto,  1960,  p.  102). 

[16]  10096  LACMIP  (=UCLA  2326;  CIT  1052):  Crest  of  small  spur 
near  head  of  Alisos  Creek  drainage,  about  3750  ft.  E of  Pankratz 
Ranch  house  and  6000  ft.  S 8°W  of  the  dam  in  Harding  Canyon, 
600  ft.  S,  175  ft.  W of  NW  cor.  sec.  32  and  E edge  of  topo  sheet, 
T5S,  R7  W,  El  Toro  Quad.,  Santa  Ana  Mts.,  Orange  Co.,  Calif.  Coll.: 
W.P.  Popenoe,  Jan.,  1933.  Williams  Fm.,  Pleasants  Sandstone 
Member,  near  top  of  uppermost  fossiliferous  beds.  Late  Campanian, 
Metaplacenticeras  pacificum  Zone. 

[5]  10442  LACMIP  (=CIT  1397):  Float  on  beach,  south  side  of  Fossil 
Bay  near  mouth,  Sucia  Island,  Orcas  Island  Quad.,  San  Juan  Co., 
Washington.  Coll.:  Durbin,  Popenoe,  and  Popenoe,  7/24/35.  Cedar 
District  Fm.  Campanian,  Hoplitoplacenticeras  vancouverense  Zone. 

[5]  10446  LACMIP  (=CIT  1400):  Sucia  Island,  Orcas  Island  Quad., 
San  Juan  Co.,  Washington.  Cedar  District  Fm.  Mid-Campanian, 
Hoplitoplacenticeras  vancouverense  Zone  (Matsumoto,  1960,  p.  107). 

[5]  10448  LACMIP  (=CIT  1402):  Sucia  Island,  Orcas  Island  Quad., 
San  Juan  Co.,  Washington.  Cedar  District  Fm.  Mid-Campanian 
(Popenoe  and  Saul,  1987,  p.  35). 

[11]  10667  LACMIP  (=CIT  1551 ):  On  ridge  just  above  creek  bed  and 
near  base  of  sandstone  member,  2800  ft.  S,  4500  ft.  E of  SW  cor. 
sec.  33,  T11S,  R10E,  Ortigalita  Quad.,  Merced  Co.,  Calif.  Coll.: 
B.C.  Adams,  August,  1941.  Moreno  Fm.,  Tierra  Loma  Shale  Mem- 
ber. Early  Maastrichtian. 

[15]  107 10  LACMIP  (=UCLA  6020;  CIT  1158):  N bank  Bell  Canyon, 
Calabasas  Quad.,  Simi  Hills,  Ventura  Co.,  Calif.  Chatsworth  Fm. 
Late  mid-Campanian  (Popenoe  and  Saul,  1987,  p.  34). 

[15]  10715  LACMIP  (=CIT  1 159):  Prominent  fossil  bed  on  crest  of 
spur  between  forks  of  Dayton  Canyon,  about  400  ft.  E of  Los  An- 
geles-Ventura  Co.  line,  approx.  400  ft.  N,  2350  ft.  W of  SE  cor.  sec. 
28,  T2N,  R17W,  Calabasas  Quad.,  Los  Angeles  Co.,  Calif.  Chats- 
worth Fm.  Late  Campanian  (Matsumoto,  1960,  p.  103;  Popenoe 
et  al.,  1987,  p.  99). 

[7]  10786  LACMIP  (=CIT  1005):  Near  crest  of  south  slope  of  divide 
between  Basin  Hollow  and  Clover  Creek,  2500  ft.  S,  2500  ft.  W of 
NE  cor.  sec.  33,  T32N,  R2W,  Millville  Quad.,  Shasta  Co.,  Calif. 
Redding  Fm.,  lower  Oak  Run  Conglomerate.  Santonian. 

[7]  10787  LACMIP  (=CIT  1006):  Near  crest  of  north  slope  of  divide 
between  Basin  Hollow  and  Clover  Creek,  400  ft.  S,  2600  ft.  W of 
NE  cor.  sec.  33,  T32N,  R2W,  Millville  Quad.,  Shasta  Co.,  Calif. 
Redding  Fm.,  lower  Oak  Run  Conglomerate.  Santonian. 

[7]  10816  LACMIP  (=CIT  1007):  Oak  Run,  Millville  Quad.,  Shasta 
Co.,  Calif.  Redding  Fm.,  Hooten  Gulch  Mudstone.  Coniacian  (Ma- 
tsumoto, 1960,  p.  100). 

[7]  10842  LACMIP  (=CIT  1223):  Small  branch  of  Swede  Creek,  Giv- 
ey meris  bed,  just  on  the  north  line  of  section  8 near  the  NE  cor.  of 


the  section,  T32N,  R3W,  Millville  Quad.,  Shasta  Co.,  Calif.  Coll.: 
Popenoe  and  Ahlroth,  6/30/36.  Redding  Fm.,  Hooten  Gulch  Mud- 
stone. Coniacian. 

[9]  10847  LACMIP  (=CIT  1016):  Chico  Creek,  Paradise  Quad.,  Butte 
Co.,  Calif.  Chico  Fm.,  Musty  Buck  Member.  Santonian  (Matsu- 
moto, 1960,  p.  101). 

[9]  10849  LACMIP  (=CIT  101 7):  Chico  Creek,  Paradise  Quad.,  Butte 
Co.,  Calif.  Chico  Fm.,  Musty  Buck  Member.  Santonian  (Matsu- 
moto, 1960,  p.  101 ). 

[9]  10851  LACMIP(=CIT  1318):  Ravine  W side  Chico  Creek,  about 
V2  mi.  S of  Mickey’s  Place,  N70°W  of  fire  lookout  on  E wall  of 
canyon  and  200  ft.  below  base  of  lava  beds,  lowest  fossil  bed  in 
gully,  thin  concretionary  layers  in  soft  sandstone,  250  ft.  S,  800  ft. 
E of  NW  cor.  sec.  12,  T23N,  R2E,  Paradise  Quad.,  Butte  Co.,  Calif. 
Coll.:  W.P.  Popenoe  and  Alex  Clark,  Oct.  24,  1935.  Chico  Fm., 
near  top  of  Musty  Buck  Member.  Santonian. 

[3]  15616  GSC:  On  south  side  of  road  along  Brown’s  River  between 
diversion  dam  and  overflow  outlet,  Vancouver  Island,  British  Co- 
lumbia. Coll.:  J.L.  Usher,  1945.  Sandy  shales.  Santonian,  lower 
Bostrychoceras  elongatum  Zone. 

[3]  16585  GSC:  East  side  of  Hornby  Island,  British  Columbia.  Coll.: 
J.L.  Llsher,  1948.  Spray  Formation?.  Early  Maastrichtian?. 

[1 1]  30553  CAS:  Los  Banos  Creek,  1200  ft.  E,  1000  ft.  S of  NW  cor. 
sec.  7,  T1  IS,  R10E,  Merced  Co.,  Calif.  Coll.:  G.D.  Hanna  & J.J. 
Bryan.  Moreno  Fm.,  2600  ft.  above  base  of  Glycymeris  horizon. 
Maastrichtian. 

[7]  53551  CAS:  South  Cow  Creek,  Millville  Quad.,  Shasta  Co.,  Calif. 
Redding  Fm.  Santonian. 

[8]  60172  CAS  (=CAS  61275):  Ledge  along  south  side  of  north  fork 
of  Antelope  Creek,  SW'/t,  SW'/t,  sec.  27,  T28N,  R1E,  Panther  Spring 
Quad.,  Tehama  Co.,  Calif.  Chico  Fm.,  Kingsley  Cave  Member.  Late 
Santonian,  Inoceramus  schmidtii  Zone. 

[5]  61618  CAS  (=LSJU  1860):  Sucia  Island  also  northwest  islet  of 
Sucia  Group,  Orcas  Island  Quad.,  San  Juan  Co.,  Washington.  Cedar 
District  Fm.  ?Mid-Campanian  (Popenoe  and  Saul,  1987,  p.  35). 

[11]  61666  CAS  (=LSJU  2073):  Juncture  of  Panocheand  Silver  creeks, 
Turney  Hills  Quad.,  Fresno  Co.,  Calif.  Basal  30  feet  of  Lodo  Fm. 
Mid-Selandian  (Smith,  1975,  p.  465). 

[3]  77447  GSC:  At  base  of  100  ft.  high  bluff  in  the  right  bank  of  Trent 
River  and  about  270  ft.  (90  m)  downstream  of  50  ft.  high  falls, 
Vancouver  Island,  B.C.  Coll.:  J.A.  Jeletzky,  June  24,  1966.  Lower 
Trent  River  Fm.  = Haslam  Fm.  (Muller  and  Jeletzky,  1970,  p.  5). 
Late  Santonian,  Pachydiscus  (Eupachydiscus)  periplicatus  beds. 

[2]  8392 1 GSC:  Suquash  Basin,  east  coast  northern  Vancouver  Island, 
B.C.  On  the  beach  below  high  tide  about  1 Vs  mi.  SE  of  Thomas 
Point  and  opposite  the  terminal  of  Port  Hardy  airport.  Approx. 
50°40'22"N,  1 27°22'04"W.  Coll.:  J.A.  Jeletzky,  July  29,  1969.  Na- 
naimo Group,  Cedar  District  equivalent.  Campanian. 
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COLOR  PATTERN  ON  THE  SELMACRYPTODIRAN  TURTLE 
NEURANKYLUS  FROM  THE  EARLY  PALEOGENE  (PUERCAN) 
OF  THE  SAN  JUAN  BASIN,  NEW  MEXICO 

Robert  M.  Sullivan,1  Spencer  G.  Lucas,2 
Adrian  P.  Hunt,3  and  Thomas  H.  Fritts4 


ABSTRACT.  A specimen  of  an  early  Paleocene  selmacryptodiran 
turtle  Neurankylus,  cf.  N.  eximius,  from  the  Nacimiento  Formation, 
San  Juan  Basin,  New  Mexico,  is  the  first  specimen  of  a fossil  turtle 
known  in  which  the  altered  keratinous  epidermal  scale  covering  and 
the  original  color  pattern  of  the  carapace  is  preserved.  The  color 
pattern  of  this  63-million-year-old  freshwater  turtle  consists  of  black 
spots  surrounded  by  a reddish-brown  matrix.  Electron  microbeam 
analysis  of  the  altered  keratinous  layer  that  retains  the  color  indicates 
that  its  composition  is  principally  iron.  Comparison  of  the  color 
pattern  with  that  of  extant  turtles  is  consistent  with  sedimentological 
and  osteological  evidence  that  suggests  Neurankylus  was  a large, 
benthic  turtle  that  favored  standing  bodies  of  water  during  the  Late 
Cretaceous  and  Paleocene. 

INTRODUCTION 

Fossil  turtles  are  a common  component  of  the  Late  Creta- 
ceous and  early  Cenozoic  vertebrate  faunas  of  the  Western 
Interior.  Their  remains  have  been  collected  for  more  than 
one  hundred  years  from  an  area  that  stretches  from  the  north- 
ern Canadian  plains  to  the  lower  reaches  of  northern  New 
Mexico.  However,  despite  the  thousands  of  specimens  that 
have  been  collected  and  catalogued  by  universities  and  mu- 
seums, most  of  these  fossil  chelonians  are  fragmentary  and 
defy  precise  identification  below  the  “family”  or  genus  level. 

Paleocene  turtles  from  the  Nacimiento  Formation,  San 
Juan  Basin,  New  Mexico  (Fig.  1)  are  no  exception.  Few  com- 
plete specimens  are  known,  and  most  consist  of  isolated  car- 
apace and/or  plastron  fragments.  Paleocene  fossil  turtles  from 
the  San  Juan  Basin  were  first  reported  by  Cope  (1888),  who 
named  Hoplochelys  crassa  from  the  Nacimiento  Formation 
based  on  fragments  of  the  carapace  and  plastron.  Hay  ( 1 908) 
and  Gilmore  (1919)  described  many  taxa  from  the  Naci- 
miento Formation  that  were  recently  discussed  briefly  by 
Sullivan  and  Lucas  (1986).  Because  many  of  these  species 
were  based  on  incomplete  material,  many  of  the  early  Pa- 
leocene turtle  taxa  from  the  San  Juan  Basin  are  certainly 
nomina  dubia  (see  Sullivan  and  Lucas,  1986,  for  discussion 
and  review  of  taxa). 


Here  we  describe  a unique,  nearly  complete  Paleocene  tur- 
tle shell  identified  as  Neurankylus,  cf.  N.  eximius , paying 
special  attention  to  its  keratinous  epidermal  scales  and  color 
pattern.  To  our  knowledge,  no  fossil  turtle  that  preserves  the 
original,  keratinous  epidermal  carapace-covering  has  been 
reported  previously.  The  only  previous  report  of  a trace  of 
color  on  a fossil  turtle  was  made  by  Holman  and  Sullivan 
(1981),  who  described  peripheral  pigmentation  by  dark  ocel- 
lar markings  on  a late  Miocene  (Barstovian)  specimen  of 
Chrysemys  picta  from  Nebraska.  However,  this  turtle  lacked 
the  epidermal  scale-covering  that  is  preserved  on  the  cara- 
pace of  the  specimen  described  herein. 

METHODS  AND  MATERIALS 

We  follow  the  classification  of  Gaffney  (1972)  and  Gaffney 
et  al.  (1987),  in  part,  in  our  systematic  presentation  for  Neu- 
rankylus. We  also  follow  Gauthier  et  al.  (1988)  in  not  rec- 
ognizing formal  higher  taxonomic  categories. 

In  our  electron  microbeam  analysis  of  the  preserved  epi- 
dermal covering  (see  below),  a thin  section  approximately 
30  fim  thick  was  cut  from  a fragment  of  the  carapace  of 
LACM  127773  that  preserved  the  color  pattern  (Fig.  2b). 
The  section  was  ground  using  a sequence  of  grits,  the  smallest 
being  0.25  and  double  polished.  It  was  coated  with  car- 
bon using  a Denton  Vacuum  DV-590  Evaporator  and 
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Figure  1.  Map  of  northwestern  New  Mexico  illustrating  the  out- 
crop belt  of  the  Paleocene  Nacimiento  Formation  represented  by 
diagonal  shading  (after  Fassett  and  Hinds,  1971)  showing  the  turtle 
(Neurankylus,  cf.  N.  eximius,  LACM  1 27773)  locality  (LACM  5533). 
Abbreviations:  AZ  = Arizona,  CO  = Colorado,  NM  = New  Mexico, 
UT  = Utah. 


mounted  on  an  aluminum  stub.  Analysis  was  conducted  us- 
ing a Hitachi  S-450  SEM  with  a Tracor  Northern  4000  EDS 
system  in  the  Electron  Microbeam  Analysis  Facility  (EMAF) 
of  the  Department  of  Geology,  University  of  New  Mexico, 
Albuquerque.  A series  of  photographs  was  taken  of  the  sec- 
tion, and  the  EDS  system  was  used  for  point  analysis  and 
elemental  dot-mapping.  The  section  was  examined  using  1 5- 
25-KeV  beams  with  the  specimen  tilted  at  30°  at  aperture 
settings  of  2-3. 

To  help  evaluate  the  results  of  the  microbeam  analysis  of 
LACM  127773,  a comparable  study  was  conducted  on  a 
carapace  fragment  of  an  extant  turtle.  The  specimen  was  of 
the  extant  Pseudemys  concinna  (UNM  SB  42696)  from  Jones 
County,  Texas.  A thin  section  was  prepared  of  a fragment  of 
the  carapace  and  its  epidermal  covering  using  the  methods 
and  materials  outlined  above.  The  specimen  was  also  studied 
at  EMAF  using  the  equipment  described  above. 
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SYSTEMATICS 
Testudines  Linnaeus,  1758 
Casichelydia  Gaffney,  1975 
Cryptodira  (Cope,  1868) 

Selmacryptodira  Gaffney,  Hutchison, 
Jenkins,  and  Meeker,  1987 

Genus  Neurankylus  Lambe,  1902 

TYPE  SPECIES.  Neurankylus  eximius  Lambe,  1 902:42. 

DISTRIBUTION.  (Revised  after  Gaffney,  1972.)  Cam- 
panian of  Alberta  and  New  Mexico;  Maastrichtian  of  Mon- 
tana; ?Maastrichtian  of  Wyoming;  earliest  Paleocene  (Puer- 
can)  of  New  Mexico  and  Montana;  late-early  Paleocene 
(Torrejonian)  of  New  Mexico. 

DIAGNOSIS.  See  Gaffney,  1972:291. 

DISCUSSION.  Only  one  species  of  Neurankylus,  N.  ex- 
imius, is  currently  recognized  (Gaffney,  1972).  Some  speci- 
mens of  N.  eximius  possess  keeled  neurals.  However,  this 
feature  appears  to  be  either  lost  in  Paleocene  forms  and/or 
variable.  It  thus  seems  best  not  to  consider  this  a diagnostic 
feature  of  the  genus.  The  Paleocene  specimens  from  the  Puer- 
can  interval  (LACM  127773)  and  the  Torrejonian  interval 
(UNM  NP-010)  in  the  San  Juan  Basin  do  not  have  keeled 
neurals.  Based  on  this  observation,  the  characteristics  offered 
by  Gaffney  ( 1 972).  and  taxonomic  conclusions  recently  drawn 
by  Hutchison  and  Archibald  (1986),  we  consider  LACM 
1 27773  to  be  referable  to  Neurankylus  (see  discussion  below). 

Neurankylus,  cf.  N.  eximius 

REFERRED  SPECIMEN.  LACM  127773,  nearly  com- 
plete articulated  carapace  and  plastron  with  epidermal  car- 
apace covering  (Figs.  2,  3). 

LOCALITY.  De-na-zin  Wash,  LACM  5533,  center  of 
SWVi,  NW‘/4,  SW'/4,  Sec.  1 0,  T24N,  R 1 1 W,  San  Juan  County, 
New  Mexico  (Fig.  1). 

HORIZON  AND  AGE.  “Puerco  Interval,”  approximately 
10  m above  the  base  of  the  Nacimiento  Formation  in  green- 
ish-white, sandy  mudstone,  Nacimiento  Formation  (earliest 
Paleocene). 

DESCRIPTION.  The  carapace  (Figs.  2a,  b)  is  oval  in  shape 
and  measures  590  mm  in  length  and  470  mm  in  width. 
Although  articulated,  the  carapace  is  dorsoventrally  com- 
pressed, severely  fractured,  and  bound  together  along  frac- 
tures by  silty  mudstone.  The  carapace  is,  for  the  most  part, 
smooth,  and  the  posterior  edge  lacks  emargination  but  is 
scalloped.  No  sulci  or  sutures  can  be  identified  on  the  car- 
apace largely  because  most  of  the  carapace  is  covered  by 
epidermal  scale-layer  (Fig.  2b). 

The  epidermal  scales  are  preserved  on  approximately  85% 
of  the  carapace,  and  this  epidermal  layer  is  the  most  signif- 
icant feature  of  this  specimen.  The  epidermal  keratinous  cov- 
ering has  been  partially  removed  by  weathering  along  the  left 
margin  of  the  carapace.  The  epidermal  scales  are  not  pre- 
served on  the  plastron.  The  original  color  pattern  of  the 

Sullivan,  Lucas,  Hunt  and  Fritts:  Neurankylus  color  pattern 


ocation  of  Figure  3 


polished  section 
of  carapace 


area  with 
coloration  pattern 


area  with  X n 
coloration  pattern 


Figure  2.  Neurankylus,  cf.  N.  eximius  (LACM  127773).  Nearly  complete  shell:  a and  b,  dorsal  view  of  carapace;  c and  d,  ventral  view  of 
plastron  and  carapace. 


10  cm 
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Figure  3.  Neurankylus,  cf.  N.  eximius  (LACM  127773).  Close-up  photograph  showing  part  of  the  carapace  that  has  preserved  the  color 
pattern  (see  Fig.  2b  for  location  of  this  photograph  on  the  carapace). 
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epidermal  keratinous  layer  is  preserved  as  a result  of  pres- 
ervation of  the  epidermal  layer  itself  (see  later  discussion). 
The  carapace  coloring  (Fig.  3)  consists  of  moderate  to  dark, 
reddish-brown  (10  R 3/4-10  R 4/6)  matrix  with  black  (Nl) 
spots  (colors  are  those  of  Goddard  et  ah,  1979).  The  spots 
range  in  diameter  from  2 to  5 mm.  Spacing  between  the  spots 
varies  from  1 to  6 mm.  The  intensity  and  clarity  of  the  color 
pattern  varies  topographically  on  the  carapace  and  is  best 
preserved  along  the  midline  and  posterior  parts  (Fig.  2b). 

The  epiplastron  length  is  470  mm.  The  anterior  lobe  length 
is  1 10  mm  and  that  of  the  posterior  lobe  is  140  mm.  The 
shape  of  the  plastron  (Figs.  2c,  d)  conforms  to  that  of  Neu- 
rankylus  eximius  (cf.  Gaffney,  1972:fig.  38a).  The  outlines  of 
nearly  all  the  epidermal  scales  (sulci)  and  sutures  of  the  plas- 
tron are  not  discernible  owing  to  fusion;  only  a few  sulci  can 
be  discerned. 

DISCUSSION.  LACM  127773  is  referred  to  the  genus 
Neurankylus  based  on  characters  1 , 2,  4,  9,  11  cited  by  Gaff- 
ney (1972:291).  In  addition,  other  features  noted  by  Archi- 
bald (pers.  comm.,  1987),  such  as  the  fusion  of  the  carapace 
and  plastron,  obliterating  the  sulci  and  sutures,  support  ref- 
erence to  the  taxon  Neurankylus. 

Lucas  (1982)  cited  the  occurrence  of  Neurankylus  (UNM 
NP-010)  from  the  late-early  Paleocene  (Torrejonian)  of  New 
Mexico.  This  specimen,  although  incomplete,  has  enough 
characters  to  confidently  refer  it  to  Neurankylus.  Further- 
more, the  fact  that  some  sutures  and  sulci  are  visible  on  both 
the  carapace  and  plastron,  and  that  the  measurements  are 
somewhat  inconsistent  with  those  of  other  specimens  of  Neu- 
rankylus (see  Table  1),  suggest  that  it  may  represent  a sub- 
adult individual.  Assuming  that  the  measurements  are  of 
adult  individuals,  except  for  UNM  NP-010,  it  appears  that 
there  is  an  increase  in  size  through  time  in  Neurankylus. 

Only  recently  has  the  genus  Neurankylus  been  recognized 
in  strata  younger  than  Late  Cretaceous.  Hutchison  and  Ar- 
chibald (1986)  reported  Neurankylus  from  the  earliest  Pa- 
leocene (Puercan)  age  Tullock  Formation  of  Montana,  and 
Lucas  (1982)  noted  the  occurrence  of  Neurankylus  in  the  late- 
early  Paleocene  (Torrejonian)  interval  of  the  Nacimiento 
Formation,  San  Juan  Basin.  Recovery  of  LACM  127773 
from  the  Puercan  interval  of  the  Nacimiento  Formation  thus 
adds  to  the  post-Cretaceous  distribution  of  Neurankylus. 

ELECTRON  MICROBEAM  ANALYSIS  OF 
THE  PRESERVED  EPIDERMAL  COVERING 

SEM  imaging  indicates  that  the  carapace  of  LACM  127773 
is  zoned  parallel  to  the  surface  of  the  carapace  (Fig.  4a).  The 
layer  containing  the  color  (Layer  1)  is  slightly  variable  in 
thickness,  averaging  about  475  ^m.  This  layer  has  a nearly 
flat  exterior,  but  the  interior  surface  is  variable.  Portions  of 
this  surface  are  smooth,  but  in  most  places  Layer  1 intrudes 
into  the  underlying  bone  through  complex  and  irregular  veins 
averaging  10  nm  in  diameter  with  the  largest  being  250  jim 
wide.  In  one  part  of  the  specimen,  a distinct  area  of  mottled 
color  lies  exterior  to  the  more  normal  Layer  1 . This  area  is 
approximately  2500  nm  long  and  500  um  thick  and  was 
treated  separately  for  EDS  analysis. 


Table  1.  Shell  measurements  of  Neurankylus.  A,  ratios  of  two  Pa- 
leocene specimens  (LACM  127773  and  UNM  NP-010)  compared  to 
ranges  derived  from  Late  Cretaceous  specimens  cited  by  Archibald 
(pers.  comm.,  1987).  B,  measurements  of  two  Late  Cretaceous  spec- 
imens (UCMP  117103  and  LACM  42730)  from  the  Hell  Creek  For- 
mation (Lancian),  Montana,  and  two  Paleocene  specimens  (LACM 
127773  and  UNM  NP-010)  from  the  Nacimiento  Formation  (Puer- 
can and  Torrejonian,  respectively),  New  Mexico. 


LACM 

UNM 

A 

Neurankylus 

127773 

NP-010 

Anterior  lobe  length/  0.79-0.94 

posterior  lobe  length 

0.79 

0.82 

Plastron  length/ 
carapace  length 

0.87 

-0.89 

0.79 

0.79 

B 

UCMP 

11703 

LACM 

42730 

UNM 

NP-010 

LACM 

127773 

Anterior  lobe 
length 

95  mm 

105  mm 

1 1 5 mm 

1 10  mm 

Posterior  lobe 
length 

120  mm 

130  mm 

140  mm 

140  mm 

Plastron  length 

380  mm 

420  mm 

420  mm 

470  mm 

Carapace  length 

? 

? 

520  mm 

590  mm 

The  second  layer  (Fig.  4a,  Layer  2)  represents  the  exterior 
of  the  bony  carapace  and  consists  of  a homogeneous  zone 
about  1250  yum  thick.  This  layer  is  punctuated  by  veinlets  of 
material  similar  to  that  in  Layer  1,  one  of  which  follows  a 
very  linear  pathway,  and  small  irregularly  spaced  lacunae 
with  similar  infillings. 

The  innermost  layer  (Fig.  4a,  Layer  3),  of  which  about 
1 000  miti  are  preserved,  consists  of  bone  punctuated  by  many 
lacunae  that  are  filled  by  material  similar  to  that  found  in 
Layer  1 . The  lacunae  are  subovoid  in  shape,  with  long  di- 
mensions averaging  125  and  are  separated  by  areas  of 
solid  bone  that  are  100-200  /im  wide. 

A series  of  eight  EDS  point  analyses  were  run  on  a transect 
perpendicular  to  the  carapace  margins.  This  sampling  in- 
cluded analyses  of  internal  and  external  areas  of  Layer  1, 
bone  and  a lacuna  infilling  in  Layer  3,  and  the  light  and  dark 
portions  of  the  mottled  area  (Table  2).  The  EDS  analyses 
indicate  that  four  different  compounds  are  present  in  the 
sample  constituting  Layer  1,  lacunae  infillings  in  Layers  2 
and  3,  and  Layers  2 and  3 and  the  light  fraction  in  the  mottled 
area  (Table  2). 

Layer  1 is  composed  of  a compound  rich  in  iron,  man- 
ganese, silicon,  calcium,  and  aluminum  (Table  2).  The  com- 
position of  this  layer  is  variable,  but  is  distinct  from  other 
parts  of  the  sample.  The  dark  material  that  infills  lacunae  in 
Layers  2 and  3 and  constitutes  the  dark  portion  of  the  mottled 
area  is  similar  to  that  in  Layer  1.  However,  Layer  1 contains 
less  than  30%  of  the  iron  in  the  other  dark  material,  and  with 
one  exception  less  than  26%  of  the  manganese.  Both  materials 
are  similar  in  lacking  phosphorus  and  containing  relatively 
high  amounts  of  iron,  manganese,  and  silicon.  One  analysis 
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Figure  4.  SEM  photomicrograph  and  elemental  dot-maps  of  polished  section  of  carapace  of  Neurankylus,  cf.  N.  eximius  (LACM  127773): 
a,  SEM  photomicrograph  showing  extent  of  Layers  1,  2,  and  3;  b,  elemental  dot-map  of  calcium  (white  areas  indicate  high  concentrations  of 
calcium);  c,  elemental  dot-map  of  iron  (white  areas  indicate  high  concentrations  of  iron);  see  Figure  2b  for  location  of  thin  section  on  carapace. 


of  a lacuna  infilling  in  Layer  2 has  anomalous  amounts  of 
sulfur. 

Analyses  of  bone  from  Layers  2 and  3 show  a constant 
composition  with  calcium : phosphorus  ratios  averaging 
1:0.48  (n  = 3).  Iron,  manganese,  and  sulfur  are  present  in 
variable  trace  amounts  and  are  presumably  replacing  calcium 
and  carbon,  respectively,  in  the  collophane  formula  (Rogers, 
1 924).  The  other  distinct  compound  constitutes  the  light  por- 
tion of  the  mottled  area.  This  material  contains  no  calcium, 
large  amounts  of  silicon,  and  trace  amounts  of  iron  with  a 
silicon : iron  ratio  of  96.64: 1 . 

In  all  cases,  the  boundaries  between  areas  of  different  com- 


Table  2.  Proportional  peak  heights  of  x-ray  intensities  from  EDS 
analysis  of  polished  section  of  carapace  of  Neurankylus,  cf.  N.  eximius 
(LACM  127773).  Proportions  are  relative  to  calcium  and  reflect  rel- 
ative abundance  of  the  element  listed. 


Site 

Ca 

Ka 

P 

Ka 

Fe 

Ka 

Mn 

Ka 

Si 

Ka 

S 

Ka 

Al 

Ka 

Outer  part  of 
Layer  1 

1 

— 

1.95 

0.90 

0.49 

— 

0.074 

Inner  part  of 
Layer  1 

1 

— 

5.58 

1.72 

2.48 

— 

0.71 

Infilling  of 
lacuna  in 
Layer  2 

1 

21.28 

0.66 

2.39 

21.51 

Infilling  of 
lacuna  in 
Layer  3 

1 

19.04 

7.14 

Mottled  area* 

1 

— 

24.14 

6.80 

2.38 

— 

0.69 

Layer  2 bone 

1 

0.49 

- 

— 

- 

— 

— 

Layer  2 bone 

1 

0.46 

0.083 

0.026 

— 

0.012 

- 

Layer  3 bone 

1 

0.48 

— 

— 

— 

0.015 

— 

* Dark-light  part  of  mottled  area  has  Si : Fe  of  96.64:1. 
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position  are  sharp.  Elemental  dot-maps  for  calcium  and  iron 
(Figs.  4b,  c)  demonstrate  that  the  majority  of  the  specimen 
is  composed  of  calcium-rich  bone  and  iron-rich  material  in 
Layer  1 and  infillings  in  Layers  2 and  3.  The  elemental  anal- 
yses of  the  bone  are  consistent  with  previous  work  that  in- 
dicates that  fossil  bone  is  usually  composed  of  collophane, 
a complex  compound  of  calcium,  phosphorus,  carbon,  hy- 
drogen, and  oxygen  (Rogers,  1924;  Jaffee  and  Sherwood, 
1951).  The  siliceous  material  in  the  mottled  area  is  a form 
of  silica,  which  is  common  as  a void-filling  in  fossil  bone 
(Rogers.  1924;  Parker  and  Toots,  1970). 

The  material  that  constitutes  Layer  1 and  infills  most  of 
the  voids  is  very  rich  in  iron.  This  element  is  common  in 
fossil  bone,  as  a diagenetic  product  in  open  pores  and  frac- 
tures (Paine,  1937;  Houston  et  al..  1966;  Parker,  1968;  Parker 
and  Toots,  1970).  Parker  and  Toots  (1970:fig.  2)  illustrated 
an  elemental  dot-map  of  a piece  of  Miocene  turtle  bone 
showing  the  restriction  to  open  pores.  Iron  is  particularly 
common  in  bones  of  Paleocene  and  Eocene  age  (Houston, 
1962;  Toots,  1963;  Houston  et  al.,  1 966;  Clark  et  al.,  1967). 
The  random  distribution  of  iron  in  fossil  bone  was  reviewed 
at  length  by  Houston  et  al.  (1966),  who  concluded  that  high 
iron  content  indicates  a warm  humid  climate. 

EDS  analyses  suggest  that  LACM  127773  underwent  four 
phases  of  diagenesis:  (a)  alteration  of  bone  material  to  col- 
lophane; (b)  alteration  or  replacement  of  the  epidermal  layer 
(Layer  1);  (c)  infilling  of  large  lacunae  by  an  iron-rich  com- 
pound; (d)  infilling  of  small  lacunae  by  silica.  Given  the 
similarity  between  the  composition  of  Layer  1 and  the  ma- 
terial infilling  the  large  voids,  the  origin  of  these  two  materials 
may  be  related. 

The  specimen  of  extant  Pseudemys  concinna  (UNM  SB 
42696)  is  approximately  1 100  jam  thick  and  has  a zonation 
parallel  to  the  carapace  margin  analogous  to  that  seen  in 
LACM  127773  (Fig.  5).  The  outer  layer  (Layer  1)  is  the 
epidermal  layer  that  preserved  the  color  pattern.  Layer  1 
varies  in  thickness  from  20  to  50  /urn  and  parallels  the  slightly 
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Table  3.  Proportional  peak  heights  of  x-ray  intensities  from  EDS 
analysis  of  polished  section  of  Pseudemys  concinna  (UNM  SB  42696). 
Proportions  are  relative  to  calcium  and  reflect  relative  abundances 
of  the  element  listed. 


Site 

Ca 
K a 

P 

Ka 

S 

Ka 

Si 

Ka 

Mg 

Ka 

Layer  1 

1 

0.49 

0.082 

0.070 

— 

Layer  1 

1 

0.45 

- 

- 

- 

Layer  1 

1 

0.43 

0.40 

0.17 

- 

Layer  1 

1 

0.38 

0.36 

0.28 

- 

Layer  1,  trace  5 

I 

0.55 

- 

0.026 

0.026 

Layer  1 

1 

0.53 

0.13 

0.14 

— 

Layer  2 

1 

0.50 

- 

- 

- 

Layer  2 

1 

0.52 

- 

— 

— 

Layer  3 

1 

0.52 

— 

— 

— 

undulatory  exterior  of  the  carapace  (relief  20-30  Mm)-  The 
outer  margin  of  Layer  1 is  irregular,  with  a relief  of  1-5  Mm. 
The  inner  surface  of  Layer  1 has  an  irregular  contact  with 
the  underlying  carapace,  with  a relief  of  1-2  ^m. 

Layer  2 is  about  400  m m thick  and  consists  of  a layer  of 
dense  bone  at  the  margin  of  the  carapace  (Fig.  5).  Lacunae 
are  present  in  Layer  2,  but  they  are  generally  small  (<20  (im 
in  diameter)  and  separated  by  as  much  as  200  Mnt. 

The  innermost  layer  (Layer  3)  is  similar  to  Layer  2,  but 
contains  abundant  large  lacunae,  as  much  as  150  /um  in  di- 
ameter, which  are  closely  spaced  (Fig.  5).  Laterally,  the  size 
and  spacing  of  lacunae  varies  considerably. 

Nine  EDS  point  analyses  were  made  of  UNM  SB  42696, 
including  six  of  the  epidermal  scale  and  three  of  Layers  2 
and  3 (Table  3).  The  bone  in  Layers  2 and  3 showed  a very 
consistent  composition  with  a calcium  : phosphorus  ratio  of 
1:0.51  (n  = 3).  No  other  elements  were  detected.  Layer  1 
consists  of  a material  rich  in  calcium  and  phosphorus  with 
variable  amounts  of  sulfur,  silicon,  and  magnesium.  Presum- 
ably compositional  variation  is  related  to  the  color  pattern. 

In  overall  micro-morphology,  the  carapaces  of  UNM  SB 
42696  and  LACM  1 27773  are  very  similar.  Each  consists  of 
an  outer,  thin  epidermal  layer  which  contains  a color  pattern, 
a medial  layer  of  essentially  dense  bone,  and  an  inner,  more 
cancellous  layer.  However,  the  Neurankylus,  cf.  N.  eximius , 
carapace  is  about  twice  as  thick  as  that  of  the  Pseudemys, 
and  the  color-bearing  layer  is  relatively  much  thicker.  In 
LACM  127773  the  ratio  of  Layer  1 thickness  to  total  thick- 
ness is  1:4.7,  whereas  in  UNM  SB  42696  it  is  1:22.  In  both 
specimens  the  bone  below  the  epidermal  layer  has  a similar 
composition,  being  composed  predominantly  of  calcium  and 
phosphorus  with  a ratio  in  Neurankylus  of  1:0.48  (n  = 3) 
and  in  Pseudemys  of  1:0.51  (n  = 3).  This  is  consistent  with 
data  indicating  that  fossil  bone  is  composed  of  collophane, 
an  altered  form  of  apatite  present  in  Recent  bone. 

There  is  a large  difference  in  the  composition  of  the  color- 
bearing layers  in  the  two  specimens.  In  the  extant  turtle,  the 
epidermal  layer  appears  to  be  composed  of  apatite  and  com- 
pounds rich  in  sulfur,  silica,  and,  locally,  magnesium.  There- 
fore, the  fossil  turtle  would  be  expected  to  have  a color- 


Figure  5.  SEM  photomicrograph  of  polished  carapace  section  of 
extant  Pseudemys  concinna  (UNM  SB  42696)  showing  extent  of 
Layers  1 , 2,  and  3. 


bearing  layer  composed  of  collophane  with  compounds  rich 
in  sulfur,  silica,  and  magnesium.  However,  in  LACM  1 27773, 
the  color-bearing  layer  is  composed  of  material  rich  in  iron, 
calcium,  silica,  manganese,  and  aluminum.  This  compound 
is  not  a phosphate.  By  analogy  with  the  Recent  turtle,  the 
calcium  in  Layer  1 is  probably  derived  from  hydroapatite. 
However,  although  iron  and  aluminum  could  be  enriched  by 
replacement  of  calcium  in  collophane  (Rogers,  1924),  phos- 
phate would  be  expected  to  remain.  Comparing  the  com- 
positions in  the  two  turtles,  it  is  apparent  that  in  LACM 
127773  iron  and  manganese  have  been  introduced  into  the 
color-bearing  layer,  and  silicon  and,  locally,  sulfur  have  been 
enriched. 

Preliminary  analysis  of  the  color-bearing  layer  in  LACM 
127773  therefore  suggests  that  the  epidermal  layer  has  suf- 
fered chemical  alteration  including  the  introduction  of  large 
amounts  of  iron  and  magnesium.  This  alteration  has  “fixed” 
the  color  pattern.  The  large  amount  of  iron  in  the  specimen 
suggests  that  alteration/diagenesis  occurred  in  an  anoxic  en- 
vironment. It  is  also  important  to  note  that  the  extensive 
diagenetic  alteration  of  the  color-bearing  layer  of  LACM 
127773  renders  doubtful  the  notion  that  the  original  colors 
are  preserved.  The  pattern  of  dark  spots  on  a light  back- 
ground almost  certainly  is  the  original  color  pattern.  How- 
ever, the  reddish-brown  colors  (Fig.  3)  arguably  are  artifacts 
of  the  introduction  into  the  epidermal  layer  of  large  amounts 
of  iron  and  manganese.  The  original  colors  were  probably 
lighter. 
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COMPARISON  OF  THE  COLOR 
PATTERN  OF  NEURANKYLUS  WITH 
THE  COLOR  PATTERNS  OF 
RECENT  TURTLES 

Spotted  color  patterns  are  relatively  uncommon  among  living 
turtles.  Many  turtles  have  uniform  colorations,  radiating  lines 
or  streaks  from  a central  blotch,  reticulated  patterns  of  con- 
gruent lines,  simple  stripes,  or  large  blotches  near  the  centers 
of  major  carapace  scutes.  Nearly  all  members  of  the  Pleu- 
rodira  have  uniform  carapace  colorations,  and  only  about 
20%  of  cryptodiran  turtles  adequately  illustrated  by  Wer- 
muth  and  Mertens  (1961)  and  Pritchard  (1979)  have  spotted 
patterns. 

Of  the  extant  turtles  judged  to  have  spotted  color  patterns, 
more  than  50%  are  trionychids.  These  turtles  have  circular 
markings  on  the  shell  that  are  either  solid  spots  or  ocelli  with 
the  ground  color  inside  a contrasting  circular  border.  These 
spots  vary  in  size  from  small  punctuations  to  large  juxtaposed 
markings  that  visually  resemble  a reticulation.  Trionychid 
turtles  lack  epidermal  scales  but  the  spotted  color  pattern  is 
directly  associated  with  the  epidermis. 

Other  extant  spotted  turtles  include  the  emydids:  Clemmys 
beali,  C.  guttata,  Emydoidea  blandingi,  Emys  orbicularis,  and 
Terrapene  klauberi.  Of  these  taxa,  only  Clemmys  beali  has 
dark  spots  or  punctuations  on  a light  background  (Boulenger, 
1889)  instead  of  the  more  common  color  pattern  of  light 
spots  on  a dark  background.  Other  emydid  turtles  (e.g.,  Ter- 
rapene Carolina)  may  have  spotted  color  patterns  in  neonates 
and  juveniles,  but  lose  the  spots  as  they  grow.  Some  kinoster- 
nid  turtles,  especially  Claudius  angustatus  and  Sterotherus 
minor,  have  relatively  light  brown  carapaces  with  dark  spots 
or  blotches.  The  spots  are  occasionally  arranged  in  rows  which 
coalesce  in  radiating  streaks,  but  in  some  individuals  the 
spots  are  scattered,  forming  a spotted  pattern  similar  to  the 
fossil  color  pattern  seen  in  LACM  127773.  Other  kinoster- 
nids  tend  to  be  unicolored,  or  have  dark  streaks  along  the 
margins  of  scutes  forming  a dark  reticulate  pattern. 

Other  extant  turtles  with  spotted  patterns  include  a ter- 
restrial testudinid  Homopus  signatus  and  the  leatherback  sea 
turtle  Dermochelys  coriacea.  Homopus  signatus  is  a terrestrial 
African  tortoise  and  has  about  equal  amounts  of  dark  and 
light  pigment  on  the  carapace,  whereas  Dermochelys  coriacea 
occurs  in  open  and  coastal  marine  waters  and  has  a predom- 
inantly dark  carapace  with  numerous  light  spots. 

In  brief,  the  color  pattern  consisting  of  numerous  dark 
spots  on  a lighter  ground  color  is  most  common  among  extant 
trionychid  and  kinosternid  turtles.  These  turtles  are  wide- 
spread in  a broad  variety  of  aquatic  habitats,  including  large 
rivers  and  streams  with  moderate  currents  and  large  per- 
manent bodies  of  quiet  waters  with  soft  substrates  of  mud 
or  sand  (Pope,  1961;  Webb,  1962).  Several  African,  South- 
east Asian,  and  North  American  trionychids  attain  large  body 
sizes  and  primarily  occupy  benthic  habitats  in  large  rivers 
and  lakes.  The  large  size  of  Neurankylus  eximius  suggests 
that  it  too  existed  in  large  bodies  of  water.  If  the  spotted 
pattern  functioned  in  providing  cryptic  coloration,  it  would 
have  been  effective  only  in  clear  and  moderately  turbid  water 


where  the  potential  predators  could  effectively  use  vision  to 
locate  prey.  The  spotted  pattern  may  function  best  in  benthic 
turtles  where  the  pattern  blends  with  the  color  pattern  of  the 
substrate,  although  it  may  have  been  equally  effective  while 
basking  on  a bank. 

CONCLUSIONS 

The  comparison  of  the  color  pattern  of  Neurankylus  with 
that  of  extant  turtles  is  consistent  with  sedimentological  and 
osteological  evidence  that  it  was  a benthic,  aquatic  turtle 
favoring  large,  standing  bodies  of  fresh  water. 

The  Paleocene  occurrences  of  Neurankylus  in  the  San  Juan 
Basin  are  in  silty/sandy  mudstones  of  the  Puercan  and  Tor- 
rejonian  intervals  of  the  Nacimiento  Formation.  Available 
sedimentological  analysis  of  the  Nacimiento  Formation  is 
not  detailed,  but  does  suggest  extensive  pond  deposits  rep- 
resented by  laterally  persistent  mudstones  and  siltstones 
(Baltz,  1 967;  Tsentas  et  ah,  1981).  Hutchison  and  Archibald 
(1986)  noted  a close  association  of  selmacryptodiran  (in- 
cluding baenid)  turtles  with  channel  sandstones  in  the  Upper 
Cretaceous-Paleocene  of  Montana.  Shells  of  Neurankylus , 
however,  are  an  exception  to  this  association,  being  collected 
from  mudstone  and  siltstone  (Hutchison  and  Archibald, 
1986).  The  facies  association  of  Neurankylus  specimens  in 
New  Mexico  and  Montana  thus  do  not  fit  the  usual  channel- 
sandstone  association  of  baenid  turtles,  and  are  suggestive 
of  turtles  that  favored  standing,  not  running,  water. 

Several  osteological  features  of  Neurankylus  indicate  that 
it  was  a bottom-dwelling,  aquatic  turtle.  These  include  the 
large,  heavily  built,  fusiform  carapace,  the  large,  recurved, 
terminal  phalanges  (documented  on  UNM  NP-010),  and  the 
very  long  tail  (Russell,  1935;  Hutchison  and  Archibald,  1 986). 
These  features,  together  with  the  facies  associations  of  Neu- 
rankylus fossils  and  the  color  pattern  of  Neurankylus  docu- 
mented here,  combine  to  support  strongly  the  notion  of  Neu- 
rankylus as  a large,  benthic  turtle  favoring  standing  bodies 
of  water  during  the  Late  Cretaceous  and  Paleocene. 
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PLUMAGES  AND  MOLTS  OF  BROWN  PELICANS 


Ralph  W.  Schreiber,1  Elizabeth  Anne  Schreiber," 
Daniel  W.  Anderson,2  and  David  W.  Bradley3 


ABSTRACT.  Fledgling  to  adult  plumage  changes  in  Brown  Pelicans 
(Pelecanus  occidentalis)  are  described  from  extensive  examination 
of  specimens  both  in  the  field  and  in  museums.  Adults  are  found  to 
have  a very  complex  annual  molt  cycle  that  causes  great  changes  in 
appearance  which  are  generally  related  to  the  breeding  cycle,  al- 
though a few  birds  are  found  to  breed  in  all  stages  of  the  cycle. 
Variability  between  individuals  and  geographic  regions  is  noted  in 
relation  to  breeding  biology  and  ecology.  Plumages  and  molts  of 
Brown  Pelicans  in  Florida  and  California  do  not  fit  exactly  into  either 
the  Humphrey/Parkes  (Flumphrey  and  Parkes,  1 959)  or  the  Antadon 
( 1 966)  proposed  nomenclatural  schemes.  The  Staffelmause,  although 
originally  described  for  the  Brown  Pelican  (Stresemann  and  Stre- 
semann,  1966),  does  not  appear  to  exist  in  this  species.  A system 
for  illustrating  molt  in  figures  is  presented. 

INTRODUCTION 

Henry  Forbes  studied  Brown  Pelicans  ( Pelecanus  occiden- 
talis) in  1912  and  1 9 1 3 in  Peru  and  stated:  “I  am  still  unable 
to  make  up  my  mind  what  is  the  exact  plumage  sequence  or 
how  long  each  dress  is  retained.  . . . Other  ornithologists  . . . 
may  be  induced  to  make  and  publish  further  observations 
on  the  subject”  (Forbes,  1914).  Although  Palmer  ( 1962)  de- 
scribed the  plumages  of  Brown  Pelicans  based  on  the  material 
available  to  him,  no  thorough  study  exists  on  the  plumages 
and  molts  of  this  species.  Recent  fieldguide  descriptions  of 
plumages  are  unsatisfactory  or  inaccurate  (National  Geo- 
graphic Society,  1 983;  Peterson,  1980;  Robbins  et  al.,  1983). 
In  this  paper  we  attempt  to  fill  this  void. 

METHODS  AND  MATERIALS 

We  have  observed  and  recorded  data  on  plumages  and  molt 
in  Brown  Pelicans  since  1969,  primarily  in  Florida,  Baja 
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California,  and  California,  but  also,  to  a lesser  degree,  in 
Puerto  Rico,  South  Carolina,  Louisiana,  and  Peru.  The 
Schreibers  recorded  molt  on  over  900  Florida  and  200  Cal- 
ifornia specimens  and  examined  virtually  all  specimens  in 
American  and  European  museum  collections.  Anderson  has 
recorded  molt  on  1 75  specimens  and  recorded  extensive  field 
observations  from  Baja  California  and  California.  Dead  spec- 
imens, collected  from  the  early  1800s  through  1983  with 
varying  levels  of  accompanying  data,  were  examined  (Table 
1). 

We  have  eliminated  from  analysis  all  specimens  whose 
capture  data  were  questionable  and  those  which  remained  in 
captivity  for  several  weeks  in  a “rehabilitation”  center.  We 
believe  their  debilitated  or  dying  condition,  and  the  fact  they 
were  captured,  may  indicate  a physiological  problem  that 
could  affect  plumage  and  molt  condition  and  pattern.  The 
same,  of  course,  could  be  said  of  birds  found  dead  in  the 
wild.  Due  to  the  Endangered  Species  status  of  this  species 
(U.S.  Fish  and  Wildlife  Service,  1974)  we  were  unable  to 
collect  specimens  specifically  for  this  study.  This  particularly 
hindered  our  analysis  of  known-age  birds.  Plumage  descrip- 
tions for  known-age  birds  were  taken  from  personal  obser- 
vation and  from  thousands  of  photographs  of  marked  wild 
birds.  Anderson  collected  33  known-age,  healthy  specimens 
in  1 980  from  the  Gulf  of  California  under  special  permit.  He 
also  raised  two  pelicans  in  captivity.  They  were  found  to  be 
comparable  to  53  photo-documented,  banded  wild  birds  and 
collected  specimens  from  the  same  population . We  used  these 
individuals  in  the  detailed  analysis  of  the  sequence  of  plum- 
ages from  juvenal  to  adult  and  individual  differences.  We 
have  few  specimens  between  1 2 and  36  months  of  age  but 
believe  those  we  have  accurately  reflect  the  plumage  sequence 
from  fledgling  to  adult,  which  we  describe  here.  The  devel- 
opment of  nestling  plumage  of  Brown  Pelicans  was  described 
by  Schreiber  (1976). 

From  museum  study  skins  we  recorded  data  for  molt  in 
the  rectrices  and  outer  primaries  only  since  we  could  not 
examine  the  inner  primaries  and  secondaries  without  dam- 
aging the  specimens.  We  prepared  our  own  specimens  as  “fiat 
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Table  1.  Pelecanus  occidentalis  specimens  examined  for  this  study 
of  molts  and  plumages. 

Previously  collected  Museum  specimens:  403  specimens 
Schreiber  collections,1  Florida  west  coast:  415  specimens 
Anderson  collections,2  California  and  Mexico:  64  specimens 

Ages:  397  adults  (45%),  168  subadults  (19%),  317  birds  less  than  1 
year  old  (36%) 

Sexes:  397  males  (45%),  362  females  (41%),  123  unknown  sex  on 
label  ( 1 4%) 

Months  collected  (when  known): 


RESULTS 

Adult  Brown  Pelicans  undergo  a series  of  changes  in  plumage 
which  are  best  described  as  a regular  but  variable  circannual 
sequence  (Figs.  1,  2;  Table  2).  Juvenal  plumages  are  dra- 
matically different  from  those  of  adults  (Fig.  2)  and  gradually 
merge  into  the  typical  definitive  adult  patterns  during  an 
individually  varying  period  of  3-5  years.  We  first  describe 
the  annual  cycle  for  a “typical”  adult  and  note  the  variation 
found.  We  then  describe  the  changes  that  occur  between 
fledging  and  the  adult  cycle. 


Number 

Percent 

Number 

Percent 

January 

76 

9.2 

July 

89 

10.8 

ADULT  PLUMAGES 

February 

90 

10.9 

August 

59 

7.2 

Annual  Cycle 

March 

68 

8.3 

September 

41 

5.0 

April 

75 

9.1 

October 

38 

4.6 

The  annual  changes  in  adult  plumage  result  in  birds  that 

May 

94 

1 1.4 

November 

48 

5.8 

appear  radically  different  at  different  seasons.  The  major  an- 

June 

56 

6.8 

December 

75 

9.1 

nual  changes  in  soft  part  colors  are  noted  in  Table  2,  and  in 

Locations: 

Florida  east  coast 

104 

Figure  3 we  illustrate  the  locations  on  the  body  of  the  parts 

Florida  west  coast 

415 

discussed.  Some  of  these  changes  in  plumage  and  soft  parts 

North  and  South  Carolina 

Texas  and  Louisiana 

Caribbean  islands 

Central  America 

Peru,  Chile,  Ecuador 

Galapagos 

Mexico  mainland 

California  and  Baja  California 

unknown 


10 

24 

67 

23 

44 

17 

27 

131 

20 


1 Housed  in  Los  Angeles  County  Museum  of  Natural  History. 

: Housed  in  Division  of  Wildlife  and  Fisheries,  University  of  Cali- 
fornia, Davis. 


skins”  and  their  usefulness  for  this  type  of  study  cannot  be 
overemphasized  (Norris,  1961;  Clench,  1 970).  From  flat  skins 
and  live  specimens  we  recorded  molt  in  all  primaries,  sec- 
ondaries, and  rectrices.  We  describe  the  shapes  and  colors 
of  covert  and  body  feathers  but  not  details  of  their  molts,  for 
which  we  do  not  have  extensive  data.  The  description  by 
Palmer  (1962)  of  colors  and  shapes  of  feathers  of  Brown 
Pelicans  is  basically  accurate.  His  comments  relating  the 
plumages  to  a termination  of  the  breeding  season,  based  on 
the  limited  data  then  available,  were  most  perceptive.  In  our 
descriptions  we  describe  first  the  “appearance”  [“aspect”  of 
Humphrey  and  Parkes  (1959),  or  “plumage”  of  Amadon 
(1966)]  and  soft  part  colors.  We  did  not  use  Dwight’s  (1902) 
terminology,  which  names  plumages  in  relation  to  the  breed- 
ing season,  because  the  plumages  of  pelicans  occasionally  do 
not  follow  the  reproductive  cycle.  We  discuss  this  variability 
after  we  describe  what  a pelican  looks  like  and  the  molt 
pattern  as  it  matures  to  eventually  undertake  repeating  an- 
nual cycles.  We  have  found  that  the  two  subspecies  best 
known  to  us  ( Pelecanus  occidentalis  carolinensis  and  P.  o. 
californicus ) follow  the  same  fundamental  patterns,  although 
there  are  some  distinct  taxonomic  differences  which  we  dis- 


occur  in  1 week  or  less. 

In  October-January  most  adults  (birds  at  least  3-5  years 
old,  on  both  coasts  of  North  America)  have  completed  a 
total  molt  and  have  all  new  feathers;  the  upper  surface  of  the 
body  is  silver-gray,  the  belly  very  dark  brown,  the  neck  white, 
and  the  head  mostly  pale  to  dark  yellow  (Fig.  1A).  At  this 
time  the  adults  “squeak”  noticeably  as  they  fly,  probably 
from  the  fresh  feathers  rubbing  during  wing  beats.  The  iris 
is  dark,  the  eye  ring  and  pouch  are  dull  blue-black  to  dark 
green,  and  the  bill  is  dull  but  begins  to  change  to  bright 
orange-yellow  in  Pelecanus  occidentalis  carolinensis  (Fig.  1 A) 
and  bright  pink-orange  in  P.  o.  californicus  (Fig.  2A). 

During  December-March,  as  the  normal  breeding  season 
approaches,  the  soft  part  colors  intensify,  the  iris  clears  to 
straw  white  or  bluish  white,  and  the  yellow  head  becomes 
darker  yellow  (Fig.  1 B).  The  pouch  and  eye  ring  change  to 
breeding  colors  over  approximately  2 weeks.  The  neck  molts 
over  2-3  weeks,  from  white  to  dark  brown  (Fig.  1C).  This 
results,  for  a short  time,  in  a “V-shaped  yoke”  on  the  dorsal 
base  of  the  neck  (Fig.  4E).  In  young  birds  (24-40  months 
old),  the  white  feathers  of  the  head  do  not  become  darker 
than  pale  yellow.  However,  in  adults  these  feathers  grow  in 
pale  yellow  but  quickly  become  deep  yellow  as  the  birds  rub 
the  head  against  the  uropygial  gland.  Fully  adult  males  and 
females  do  not  differ  in  the  intensity  of  the  yellow  color. 
Most  individuals  in  most  years  begin  nesting  in  these  colors 
(Fig.  1C).  Bill  color  becomes  brightest  1 month  to  6 weeks 
before  pouch  color  is  fully  developed.  The  epidermal  cov- 
ering (and  bright  color)  of  the  rhamphotheca  sloughs  off  and 
regrows  in  time  to  have  the  yellow  color,  which  serves  to 
guide  the  chicks’  begging,  on  the  proximal  portion  of  the 
lower  mandible  (Schreiber,  1977). 

With  the  onset  of  incubation  the  soft  parts  begin  to  lose 
their  bright  colors,  the  iris  darkens  again,  and  the  yellow 
feathers  on  the  head  are  replaced  by  white  feathers.  In  some 
adults  brown  flecks  appear  in  the  white  head,  giving  a flecked 
(“salt  and  pepper”)  appearance  (Fig.  1 D)  which  lasts  through 
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Figure  1.  The  appearance  of  adult  Brown  Pelicans  during  the  annual  cycle.  These  illustrations  were  drawn  from  photographs  and  the  following 
specimens:  A,  LACM  86179,  January,  male;  B,  LACM  96155,  March,  female;  C,  LACM  96149,  April,  female;  D,  LACM  86111,  June,  female; 
E,  LACM  861 14,  July,  female.  All  are  from  the  Florida  west  coast.  Extensive  variation  in  colors  and  intensity  occurs  among  individuals,  and 
soft  parts  are  especially  labile  on  a seasonal  basis.  We  have  attempted  to  illustrate  here  and  in  Figure  2 readily  identifiable  examples. 


Contributions  in  Science,  Number  402 


Schreiber  et  al.:  Plumages  and  Molts  of  Brown  Pelicans  3 


Table  2.  Color  descriptions*  of  soft  parts  and  head  and  neck  feathers  of  adult  Brown  Pelicans.  These  overall  changes  are  brought  about  by 
various  combinations  of  hormonal  influences,  feather  wear  and  fading,  feather  replacements,  and  perhaps  also  pigment  changes.  See  Figure  3 
for  locations  of  body  parts  by  numbers. 


Appearance 

Season: 

Body  part  Activity: 

Winter 

Pre-breeding 

Spring 

Breeding 

Late  summer 
Post-breeding 

1.  Nail 

buff  yellow 

bright  buff  yellow 

buff  yellow 

2.  Upper  mandible  (distal) 

buff  yellow  over  pinkish  orange 

buff  yellow-orange-red  over 

buff  yellow,  some  orange,  over 

bluish  pearl  gray 

pearl  gray 

3.  Upper  mandible  (proximal) 

pinkish  orange 

bluish  pearl  gray,  pinkish 

gray 

4.  Lower  mandible** 

pinkish  orange 

bluish  pearl  gray 

gray 

5.  Gular  pouch  (proximal): 

Western  North  America 

reddish  orange 

bright  poppy  red 

yellow-gray,  faded 

Eastern  North  America 

green-gray 

blackish  metallic  green 

gray-green 

6.  Gular  pouch  (distal) 

dark  gray-green 

blue-black-green 

dark  green 

7.  Forehead 

pale  yellow 

deep  yellow-orange 

salt  and  pepper*** 

8.  Lower  crown 

pale  yellow 

deep  yellow-orange 

salt  and  pepper*** 

9.  Upper  crown 

pale  yellow 

deep  yellow-orange 

salt  and  pepper*** 

10.  Crest 

white 

dark  brown 

reddish  brown 

1 1.  Occiput  and  nape 

while 

dark  brown 

medium  brown 

1 2.  Lower  neck 

white 

dark  brown 

medium  brown 

13.  Back 

silver-gray 

silver-gray 

dull  brown 

14.  Wing  coverts 

silver-gray 

silver-gray 

dull  brown 

15.  Upper  breast 

gray-brown 

dark  brown 

scruffy,  flecked,  dull  brown 

16.  Jugulum 

yellow 

yellow 

very  faded 

1 7.  Eye  ring 

gray-pink 

pink 

gray 

18.  Iris 

light  sky  blue 

light  sky  blue 

brown 

19.  Legs  and  feet 

dark  gray 

black 

black 

* Colors  were  matched  as  closely  as  possible  with  those  described  by  Smithe  (1975). 

**  The  lower  mandible  has  an  area  in  the  medial  section  usually  without  the  brighter  proximal  and  distal  colors,  or  with  a patchy  or 
discontinuous  appearance  of  color.  This  lower  mandible  pattern  develops  into  a distinctive,  light  patch  along  the  lower  third  of  the  gape 
(starting  about  3-4  cm  distal  of  the  commissural  angle)  which  is  at  its  maximum  intensity  when  young  are  being  fed;  it  may  serve  as  a signalling 
function  to  young. 

***  "Salt  and  pepper”  is  white  with  variable  flecks  of  dark  feathers. 

the  nestling  period  to  the  end  of  breeding.  Wear  of  the  feath- 
ers becomes  extensive  and  obvious  toward  the  last  third  of 
the  nestling  period  (which  lasts  12-14  weeks;  Schreiber,  1976) 
and  after  the  young  fledge.  When  adults  leave  the  vicinity  of 
the  colony  (usually  July-September),  feathers  are  extremely 
worn,  the  birds  appear  “scruffy,”  and  they  begin,  or  are  well 
into,  a major  molt  (Fig.  IE)  that  replaces  all  feathers  by  late 
November-December. 

INDIVIDUAL,  AGE,  AND  SEX  VARIATION 
Crest  Feathers 

The  feathers  at  the  back  of  the  head  are  60-90  mm  long, 
forming  a crest  considerably  longer  than  the  surrounding 
head  and  neck  feathers,  but  they  shorten  and  grade  into  the 
feathers  at  the  junction  of  the  head  and  neck.  The  color  of 
the  crest  is  highly  variable  and  it  may  be  composed  of  0-50 
dark  feathers  (Fig.  4A-D).  A dark  black-brown  crest  may 
appear  in  August-October  and  is  primarily  visible  when  the 


surrounding  head  and  neck  are  yellow  and  white,  but  it  merges 
with  the  dark  neck  which  appears  in  spring.  We  suspect  that 
as  the  bird  ages,  there  are  more  white  and  fewer  brown  feath- 
ers in  the  crest  each  year. 

Breast  Patch  Vee 

A patch  of  white-yellow  feathers  on  the  breast  and  dorsal 
portion  of  the  neck  appear  in  the  fall.  Elongate  yellow  feathers 
on  the  breast  are  isolated  into  a vee-  or  diamond-shaped 
patch  (Figs.  4E,  see  arrow;  5A-C,  E).  Although  they  wear 
and  fade  somewhat,  these  feathers  remain  through  the  sum- 
mer and  fall  (Fig.  6A,  B,  D,  F),  when  they  are  replaced. 

White  feathers  are  also  isolated  dorsally  on  the  neck  for  a 
short  time  when  the  neck  molts  to  brown  during  2-3  weeks 
in  late  winter-early  spring,  resulting  in  the  white  yoke  shape 
at  the  base  of  the  neck  on  the  dorsal  side  (Figs.  4E,  5B).  The 
yoke  does  not  appear  in  all  birds.  It  is  prominent  in  a 72- 
month-old  specimen  (Fig.  5B)  but  may  not  be  present  in 
younger  birds  (Fig.  5D).  The  yoke  may  be  present  in  males 


4 Contributions  in  Science,  Number  402 


Schreiber  et  al.:  Plumages  and  Molts  of  Brown  Pelicans 


Figure  2.  The  appearance  of  juvenal  Brown  Pelicans  as  they  mature  and  a California  adult  showing  its  bright  gular  pouch  colors.  These 
illustrations  were  drawn  from  the  following  material:  A,  photograph  of  a Baja  California  adult  in  January;  B,  LACM  86153,  male  fledgling, 
4 months  old;  C,  LACM  86192,  male,  14  months  old;  D,  LACM  8621 1,  male,  21  months  old;  E,  LACM  86158,  male,  36  months  old.  B,  C, 
and  D were  all  banded  and  recovered  in  Tampa  Bay,  Florida  west  coast  region,  and  E was  recovered  in  Louisiana. 


or  females,  and  its  occurrence  does  not  appear  to  be  related 
to  the  light  breast  diamond.  We  interpret  both  these  light 
areas  as  individual  differences,  which  probably  help  individ- 
ual birds  recognize  their  mates  and  perhaps  allow  nestlings 
to  identify  their  parents. 


Neck  Color 

The  back  of  the  neck  in  freshly  molted  birds  varies  from 
almost  black,  to  dark  brown,  to  cinnamon  brown,  or  even 
pale  tan.  We  cannot  find  a relationship  between  the  intensity 
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Figure  3.  Diagram  showing  body  part  regions  of  Brown  Pelicans 
that  undergo  the  complex  seasonal  changes  in  appearance  described 
in  Table  2. 


of  the  color  and  either  age  or  sex,  and  we  believe  neck  color 
is  an  example  of  individual  variation. 

Number  of  Secondaries 

In  our  sample  the  number  of  secondaries  varies  from  27  to 
33:  27  = 1,  28  = 6,  29  = 9,  30  = 8,  31  = 5,  32  = 0,  33  = 5; 
n = 34. 

Number  and  Position  of  Rectrices 

The  number  of  rectrices  in  our  sample  of  Florida  Brown 
Pelicans  varies  from  19  to  24  (Table  3),  with  22  being  the 
most  common  (45%)  and  19  and  24  uncommon  (1%  each). 
We  found  no  differences  between  adults  and  juvenals,  but 
males  generally  have  more  tail  feathers  than  females  (P  < 
0.001). 

Most  birds  have  either  an  equal  number  of  rectrices  on 
each  side  of  the  pygostyle  or  more  feathers  on  their  right  side; 
a few  birds  have  more  feathers  on  their  left  side  (Table  4). 

Age  Adult  Plumage  is  Acquired 

Brown  Pelicans  appear  sexually  monomorphic  in  plumage 
and  colors  and  we  find  it  impossible  to  age  an  individual 
once  adult  plumage  has  been  acquired.  Within  our  sample, 
most  32-36-month-old  birds  are  in  adult  plumage  (Figs.  4A, 
D;  5A)  and  nearly  all  birds  over  40  months  old  are  adults 
(Figs.  4C;  5B,  D;  6E).  A few  specimens  (Figs.  4C,  D;  5A) 
indicate  that  females  acquire  adult  plumage  earlier  than  males. 
We  have  found  one  female  only  20  months  old  (Fig.  4B)  in 
adult  plumage. 

Head  Color 

Dark  speckling  may  appear  on  the  head  in  the  post-breeding 
season  (July-October)  to  varying  degrees  (Fig.  5 A,  F vs  Fig. 
6C,  D,  F).  This  speckling  does  not  appear  to  be  sex-related 
but  may  be  age-related  since  younger  birds  have  more  dark 
feathers  in  the  head  than  do  older  ones.  Some  birds  have 
pure  white  heads  and  we  suspect  that  these  are  older  adults. 
The  oldest  known-age  bird  (66  months.  Fig.  6E)  has  many 
dark  feathers. 


White  on  the  Lateral  Portions  of  the  Proximal  Neck 

The  extent  of  the  white  which  remains  on  the  sides  of  the 
neck  is  highly  variable  (see  arrows,  Fig.  5D  and  F as  ex- 
tremes). We  measured  the  length  of  the  white  (between  points 
indicated  by  the  two  arrows  in  Fig.  5F)  along  the  anterior 
edge  of  the  neck  and  from  the  base  of  the  gular  pouch  to  the 
change  in  feather  texture  on  the  breast  in  specimens  of  known 
sex  from  the  Natural  History  Museum  of  Los  Angeles  Coun- 
ty, Field  Museum  of  Natural  History,  and  United  States 
National  Museum  of  Natural  History  collections  of  Pelecan- 
us  occidentalis  carolinensis.  The  white  is  significantly  longer 
in  males  (n  = 30,  mean  = 46  mm)  than  in  females  (n  = 43, 
mean  = 33  mm,  P > 0.001).  Some  females  entirely  lack  the 
white  but  it  is  always  present  in  males. 

Contour  Feather  Color 

Birds  32-36  months  old  generally  have  the  adult  dark  brown 
belly,  but  one  34-month-old  female  (Fig.  1C)  has  a white 
belly  with  heavy  dark  speckling.  The  back  of  this  individual 
is  essentially  that  of  a full  adult  but  with  considerable  dark 
edging  to  the  scapulars.  Individuals  vary  widely  in  the  shape 
and  color  of  the  back  feathers,  which  is  probably  more  related 
to  age  than  sex  (Fig.  7B-D).  Older  adults  have  silver-gray 
scapulars  (Fig.  9A,  B)  and  younger  birds  have  more  dark 
brown-black  on  the  edges  of  the  feathers  (Figs.  7A,  C;  8B). 
By  the  time  feathers  are  12  months  old  they  are  very  worn 
(Fig.  10D).  In  some  instances,  there  may  be  even  older  feath- 
ers on  portions  of  the  body  which,  for  some  reason,  did  not 
molt  the  previous  year. 

SEASONAL  AND  GEOGRAPHIC  VARIATION 
Seasonality 

Our  best  data  on  seasonal  variability  come  from  Tampa  Bay 
on  the  middle  west  coast  of  Florida,  where  we  made  weekly 
counts  of  plumage  types  from  January  1969  through  April 
1976  (Schreiber,  1979,  1 980;  Schreiber  and  Schreiber,  1983). 
Dark  necks  began  appearing  in  the  local  breeding  population 
in  early  January  1972;  in  the  second  week  of  January  1973; 
in  the  third  week  of  January  1975  and  1976;  in  the  first  week 
of  February  1969,  1970,  and  1971;  and  in  the  second  week 
of  February  1974  (Fig.  1 1).  All  adults  had  dark  necks  by  the 
first  week  of  June  in  all  years,  and  usually  over  90%  of 
the  adults  were  dark-necked  by  early  May.  White  necks  began 
to  appear  in  the  last  week  of  September  or  first  week  of 
October  and  all  birds  had  white  necks  in  either  late  Novem- 
ber or  early  December.  The  cycle  appears  to  be  closely  tied 
to  the  onset  of  nesting,  which  in  this  population  is  proxi- 
mately  controlled  by  winter  temperatures  (Schreiber,  1980). 

Data  for  other  areas  of  west  coast  Florida  indicate  a similar 
cycle  to  that  in  Tampa  Bay,  with  dark-necked  birds  appearing 
2-3  weeks  earlier  in  the  warmer,  more  southern  region  and 
in  the  Pelican  Island  population  on  the  east  coast  of  Florida. 
Yellow  heads  are  also  acquired  earlier  in  the  fall  (Schreiber 
and  Schreiber,  unpubl.  data).  Observations  from  Puerto  Rico 
(Schreiber  et  al.,  1981)  and  St.  Thomas  and  St.  Croix,  U.S. 
Virgin  Islands  (Schreiber  and  Schreiber,  unpubl.  data)  in- 


6 Contributions  in  Science,  Number  402 


Schreiber  et  al.:  Plumages  and  Molts  of  Brown  Pelicans 


Figure  4.  Adult  Brown  Pelican  head  and  neck  feathers:  A,  LACM  86179,  January,  male,  32  months  old;  B,  LACM  86209,  December,  female, 
20  months  old;  C,  LACM  86207,  December,  male,  43  months  old;  D,  LACM  86155,  March,  female,  34  months  old;  E,  LACM  86229, 
February,  male,  adult. 
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Figure  5.  Adult  Brown  Pelican  head  and  neck  feathers:  A,  LACM  86154,  March,  female,  34  months  old;  B,  LACM  86149,  April,  female, 
72  months  old;  C,  LACM  86142,  April,  female;  D,  LACM  86232,  May,  male,  48  months  old;  E,  LACM  86146,  May,  male;  F,  LACM  86111, 
June,  female. 
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Figure  6.  Adult  Brown  Pelican  head  and  neck  feathers:  A,  LACM  86114,  July,  female;  B,  LACM  86125,  July,  female;  C,  LACM  86160, 
August,  female;  D,  LACM  86103,  September,  ? sex;  E,  LACM  86253,  September,  female,  66  months;  F,  LACM  86210,  October,  male. 
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Table  3.  Number  of  rectrices  in  Brown  Pelicans  from  Florida. 


Number  of 
rectrices 

Adults 

Juvenals 

Total 

Sum 

Male 

Female 

Male 

Female 

Male 

Female 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

19 

0 

— 

1 

4 

0 

— 

0 

— 

0 

— 

1 

2 

1 

1 

20 

1 

3 

10 

37 

3 

8 

2 

8 

4 

6 

12 

23 

16 

13 

21 

9 

30 

6 

22 

10 

27 

10 

37 

19 

28 

16 

30 

35 

29 

22 

15 

50 

10 

37 

16 

43 

13 

50 

31 

46 

23 

43 

54 

45 

23 

4 

13 

0 

— 

8 

22 

1 

4 

12 

18 

1 

2 

13 

1 1 

24 

1 

3 

_0 

— 

_0 

— 

_0 

— 

_1 

2 

0 

- 

1 

2 

30 

27 

37 

26 

67 

53 

120 

The  mean  number  of  feathers  of  males  is  significantly  greater  than  for  females:  t = 3.687,  P < 0.001. 


dicate  less  rigorous  scheduling  of  head  and  neck  molt  in  adult 
pelicans  in  those  regions.  Interpopulational  variation  in  tim- 
ing of  molt  may  be  quite  considerable  depending  on  both 
climatic  control  on  breeding  and  variation  in  the  food  supply 
during  breeding  and  molt. 

Our  data  for  the  east  coast  of  the  United  States  indicate 
that  while  breeding  populations  are  separate,  wintering  pop- 
ulations are  mixed  (Schreiber,  1980;  Schreiber  and  Mock, 
1988),  thus  confusing  any  interpretation  of  timing  of  molt 
from  field  observation  only.  This  is  probably  also  true  for 
west  coast  U.S.  birds  seen  away  from  their  nesting  areas. 

Geographic  Variation 

The  major  external  characteristic  used  to  discriminate  Pel- 
ecanus  occidentalis  californicus  (Fig.  2A)  from  the  eastern  P. 
o.  carolinensis  and  P.  o.  occidentalis , in  addition  to  their 
smaller  size  (Palmer,  1962;  Wetmore,  1945),  is  the  color  of 
the  gular  pouch.  Pelecanus  o.  californicus  have  bright  red  on 
the  proximal  end  of  the  pouch  in  December,  the  first  sign  of 
oncoming  breeding  condition.  With  the  molt  of  the  neck 
feathers  in  January-February,  as  birds  move  to  the  nesting 
colonies,  the  pouch  stays  red  at  the  proximal  third  and  the 
distal  half  changes  from  dark  gray  to  dark  green-gray. 

Nearly  all  breeding  birds  in  California  and  Baja  California 
colonies  have  red  pouches.  The  vast  majority  of  breeding 
birds  in  Florida  have  blue-black-green  pouches  and  we  have 
seen  only  three  individuals  with  red  pouches.  About  1%  show 
some  orange  or  yellow  coloration. 


JUVENAL  PLUMAGES 
First  Year 

The  development  of  feathers  during  the  nestling  stage  was 
described  by  Schreiber  (1976).  When  young  leave  the  nest 
site  and  colony  they  are  a uniform  brown-tan  color  with  a 
white  belly  (Figs.  2;  1 3 A;  1 4A,  C;  1 7A).  The  marginal  coverts 
have  tannish  (cinnamon)  brown  edges  that  wear  off  in  1-2 
months.  The  white  belly  grades  gradually  without  a distinct 
demarcation  to  brown  on  the  sides.  Most  coverts  and  contour 
feathers  are  oblong  and  rounded,  and  their  tips  are  light  tan. 

During  the  first  year  of  independence  little  fundamental 
change  occurs  in  the  appearance  of  Brown  Pelicans;  however, 
molt  does  occur.  The  gray  head  and  neck  feathers  of  nestlings 
(acquired  at  2 months  of  age)  molt  after  fledging,  and  by  5- 
8 months  of  age  they  are  darker  brown.  This  molt  progresses 
generally  from  posterior  to  anterior,  spreading  laterally  on 
the  head.  On  the  neck  new  feathers  grow  up  from  the  dorsum 
(Fig.  4C).  Also  at  this  time  the  white  belly  becomes  more 
clearly  demarcated  from  the  dark  sides  (Fig.  1 2B,  C).  Light- 
shafted  feathers  begin  to  appear  on  the  back,  and  gray  scap- 
ulars appear  (Fig.  14A-D). 

The  coverts  of  the  underwing  (the  lining)  are  largely  white 
at  fledging,  and  during  the  first  year  this  gives  the  young  birds 
in  flight  the  appearance  of  having  white  “wing-stripes.”  At 
9-10  months  post-fledging,  the  wings  begin  to  molt,  which 
is  a good  aging  characteristic.  Gaps  appear  in  the  secondary 
greater  and  middle  coverts  (Fig.  16B),  and  this  absence  of 
feathers  is  a clear  indication  of  a 1 -year-old  bird. 


Table  4.  Position  of  rectrices  in  relation  to  the  pygostyle  in  Brown  Pelicans  from  Florida. 

Adults  Juvenals  Total 


Position  of 
rectrices 

Male 

Female 

Male 

Female 

Male 

Female 

Sum 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

More  on  right  side 

12 

40 

9 

33 

16 

52 

12 

46 

28 

46 

21 

40 

49 

43 

Both  sides  equal 

13 

43 

15 

56 

1 1 

35 

12 

46 

24 

39 

27 

51 

51 

45 

More  on  left  side 

5 

17 

_3 

1 1 

_4 

13 

_2 

8 

_9 

15 

_5 

9 

14 

12 

30 

27 

31 

26 

61 

53 

114 

Both  males  and  females  have  significantly  more  feathers 

on  the  right  side 

: paired  comparisons,  t = 

7.60  (males),  5.63  (females);  P < 0.001. 
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Figure  7.  Adult  Brown  Pelican  back  and  wing  feathers:  A,  LACM  86157,  March,  male,  23  months  old;  B,  LACM  86179,  January,  male, 
32  months  old;  C,  LACM  86155,  March,  female,  34  months  old;  D,  LACM  86154,  March,  female,  34  months  old. 


Second  and  Third  Years 

During  the  second  1 2 months  of  independence,  fundamental 
color  changes  gradually  occur  as  juvenal  Brown  Pelicans  be- 
gin to  take  on  the  patterns  of  adults.  Much  of  the  individual 
variation  arising  during  this  period  may  be  sex-related,  with 
females  usually  maturing  more  rapidly  than  males.  Between 
12  and  16  months  of  age,  and  sometimes  for  several  more 
months.  Brown  Pelicans  look  ragged  and  scruffy  with  many 
gaps  in  the  flight  feathers  and  coverts.  Contour  feathers  are 


very  worn.  The  first  full  molt  begins  now  and  we  suspect  this 
is  a time  of  stress  for  the  birds  since  there  is  high  juvenal 
mortality. 

White  feathers  begin  growing  first  on  the  sides  of  the  head 
at  12-15  months  and  then  on  the  neck  (Fig.  12E-H);  dark 
feathers  grow  on  the  sides  of  the  body  and  begin  to  encroach 
onto  the  previously  all  white  belly  (Figs.  12D,  E,  G;  14B; 
16A-D).  The  adult  head  pattern  becomes  more  distinctive 
during  the  third  year  and  at  32-36  months  is  fully  developed. 
A white  but  increasingly  speckled  belly  remains  on  most  birds 


Contributions  in  Science,  Number  402 


Schreiber  et  ai.:  Plumages  and  Molts  of  Brown  Pelicans  11 


Figure  8.  Adult  Brown  Pelican  back  and  wing  feathers:  A,  LACM  86133,  November,  male;  B,  LACM  86207,  December,  male,  43  months 
old;  C,  LACM  86224,  December,  male;  D,  LACM  86104,  January,  female. 


during  their  third  year.  The  20-month-old  female  (Fig.  1 5B) 
with  an  all  dark  brown  belly  is  unusual;  the  full  dark  belly 
is  acquired  at  32-36  months  in  most  birds.  White-shafted, 
dark-edged  feathers  fully  cover  the  back  at  20-24  months 
(Fig.  1 5C,  D)  but  the  amount  of  silver-gray  is  not  as  extensive, 
and  the  feathers  are  shorter  and  more  rounded  than  in  older 
adults.  The  scapulars,  especially  in  the  central  area,  still  show 
dark  feather  edges  and  the  wing  coverts  are  less  sharply  de- 
marcated than  in  adults. 


Molt  of  coverts  proceeds  during  the  second  year  and  much 
white  appears  in  the  wings  because  the  white  underlying 
feather  bases  are  exposed  (Fig.  16C).  It  is  completed  by  15- 
17  months.  A 2-year-old  bird  (Fig.  16D)  presents  a combi- 
nation of  adult  gray  and  juvenal  brown  feathers,  with  a pre- 
ponderance of  feathers  similar  to  a 3-year-old  or  full  adult 
(Fig.  16E)  in  which  all  coverts  are  gray  and  elongate  and  the 
marginals  are  white-shafted  with  dark  brown-black  edges. 
Wear  occurs  during  February-July  and  by  May  (Fig.  16F) 


12  Contributions  in  Science,  Number  402 


Schreiber  et  al.:  Plumages  and  Molts  of  Brown  Pelicans 


Figure  9.  Adult  Brown  Pelican  back  and  wing  feathers:  A,  LACM  86149,  April,  female,  72  months  old;  B,  LACM  86142,  April,  female;  C, 
LACM  86232,  May,  male,  48  months  old;  D,  LACM  86146,  May,  male. 


the  wings  look  tan  and  worn,  rather  than  being  fresh  silver- 
gray.  The  underwing  coverts  gradually  are  replaced  by  silver- 
brown  feathers,  and  the  underwing-stripe  of  young  birds  dis- 
appears. This  happens  at  about  the  same  rate  and  time  as 
the  color  change  of  the  belly,  however,  a few  adult-plumaged 
pelicans  on  both  coasts  still  retain  the  wing-stripe.  We  suspect 
these  are  young  adults,  and  with  further  research  this  char- 
acter may  prove  useful  as  an  additional  field  mark  for  age 
determination. 


Captives 

We  made  the  following  observations  on  two  captive  birds 
that  provide  details  not  available  from  specimens  or  field 
observations.  At  1 2- 1 4 months  of  age,  as  the  first  molt  occurs, 
the  new  marginal  coverts  are  very  dark,  in  sharp  contrast  to 
their  very  worn  and  tan  appearance  until  this  age.  Some 
pale  yellow  appears  at  the  tip  and  on  the  sides  of  the  all 
brown -gray  juvenal  bill.  Between  16  and  19  months  the  bill 
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Figure  10.  Adult  Brown  Pelican  back  and  wing  feathers:  A,  LACM  86125,  July,  female;  B,  LACM  86160,  August,  female;  C,  LACM  86253, 
September,  female,  66  months  old;  D,  LACM  86210,  October,  male. 


becomes  gray-green-yellow  with  some  orange.  The  eye  ring 
becomes  lightish  pale  blue  rather  than  black.  A 2-year-old 
bird  retains  the  same  color  and  pattern  as  a juvenal  but  has 
undergone  a complete  molt  of  the  secondaries  and  all  body 
feathers;  it  will  have  some  white  in  the  head  and  may  have 
a pinkish  eye  ring.  By  29  months  of  age  the  wing  coverts 
have  molted  into  all  gray  feathers;  white-edged,  elongate 


feathers  are  common  on  the  back  and  white  feathers  are  quite 
distinct  on  the  head.  At  29-37  months,  orange  becomes  more 
distinct  on  the  bill,  the  flanks  are  distinctly  striped,  the  white 
vee  or  diamond  on  the  chest  becomes  distinct,  and  the  head 
acquires  the  adult  pattern  (taking  about  6 weeks  to  molt  all 
head  feathers).  A 31-33-month-old  bird  has  a pale  yellow 
head,  tan  neck,  orange  bill,  white  belly,  and  still-dark  eye. 
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During  the  following  2 months  speckles  appear  in  the  belly, 
the  bill  continues  to  brighten,  and  the  pouch  may  become 
reddish  (in  California  birds  only). 

At  34-35  months  the  head  is  yellow,  the  neck  dark,  the 
bill  orange,  the  belly  speckled,  the  back  and  wings  brown- 
gray,  the  eye  light,  and  the  eye  ring  pink.  The  colors  in  the 
bill  fade  over  1 month,  and  by  38  months  of  age  all  soft  part 
and  head  colors  have  faded  and  the  eye  is  again  dark.  The 
back  of  a 39-41 -month-old  bird  is  much  darker  brown  than 
the  silver-gray  or  worn  gray  of  full  adults.  Additionally,  the 
belly  contour  feathers  maintain  white  centers  and  many 
speckles  remain  in  the  head.  The  final  molt  to  full  adult 
plumage  of  dark  brown  belly,  yellow  head,  white  neck,  gray 
back,  orange  bill,  and  pink  eye  ring  requires  1 month  in 
captive  birds.  This  timing  is  similar  to  what  we  noted  in  the 
field  for  the  general  population. 

SOME  COMPARISONS  BETWEEN  ADULT 
AND  JUVENAL  CHARACTERISTICS 

Skin  and  Feather  Weight 

We  compared  the  weight  of  birds  with  the  dried  weight  of 
their  skin  and  feathers  (Table  5).  Males  are  heavier  (and 
larger)  than  females  and  their  skin  and  feathers  are  also  heavi- 
er. Both  sexes  of  adults  are  heavier  than  similar-sexed  ju- 
venals.  However  the  skin  and  feathers  of  adult  males  com- 
prise a lower  percentage  of  body  weight  (8.3%)  than  those  of 
juvenal  males  (9.4%):  the  same  is  true  for  adult  females  (8.5%) 
versus  juvenal  females  (8.9%).  Some  of  that  weight  is  of  course 
the  skin,  but  we  believe  it  is  minimal  compared  to  the  feather 
weight.  Feather  weights  are  known  to  comprise  approxi- 
mately 10%  of  body  weight  in  birds  (Lucas  and  Stettenheim, 
1972). 

Color  and  Shape  of  Contour  Feathers 

The  contour  feathers  of  Brown  Pelicans  not  only  undergo 
changes  in  color  and  shape  during  the  annual  cycle  of  the 
adult  but  also  change  in  color  and  shape  as  the  birds  mature 
(summarized  in  Table  6).  In  Brown  Pelicans  all  feather  tracts 
are  connected  and  if  apteria  exist  they  are  not  obvious.  For 
ease  of  discussion  we  name  the  locations  of  the  tracts  from 
which  we  used  feathers. 

Juvenal  feathers  are  oblong-elongate  with  rounded  tips. 
Adult  feathers  are  narrow  and  pointed  and  tend  to  be  smaller 
than  those  of  younger  birds.  In  all  areas  of  the  body  the 
plumaceous  portion  of  the  vane  is  more  highly  developed  in 
juvenals  than  in  adults  (terminology  of  Lucas  and  Stetten- 
heim, 1972,  see  fig.  158).  There  are  shape  changes  which 
occur  in  feathers  of  adults  as  they  wear. 

In  Figures  1 7-2 1 we  illustrate  shape  and  color  of  feathers 
taken  from  the  same  location  within  a feather  tract  of  four 
individuals:  LACM  86117,  August,  female,  6 months  old; 
LACM  86192,  June,  male,  14  months  old;  LACM  86154, 
March,  female  adult,  36  months  old;  and  LACM  96160, 
August,  unknown-age  female  adult.  The  differences  illus- 
trated and  discussed  are  not  related  to  sex  but  rather  are 
influenced  by  age  and  time  of  year. 


I I I 1 1 T 1 ' I ' 1 
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Figure  11.  The  annual  cycle  of  head  and  neck  coloration  of  the 
Brown  Pelican  population  on  Tarpon  Key,  Tampa  Bay,  Florida  west 
coast  in  1969-1976.  The  diamond  in  September-November  indi- 
cates the  date  the  colony  was  abandoned,  and  the  * in  January- 
March  indicates  the  date  nests  were  first  observed  (see  Schreiber 
1980  for  details  on  nesting  chronology). 

The  feathers  from  the  crest  in  the  capital  tract  on  the  back 
of  the  head  (Fig.  1 7)  are  wider  in  shape  in  juvenals  (Fig.  1 7A) 
than  in  adults  (Fig.  17B-D).  Both  white  (Fig.  17B)  and  dark 
(Fig.  17C)  feathers  found  in  the  same  individual  adult  in 
March  are  essentially  the  same  shape.  The  rachis  and  por- 
tions of  the  vane  wear  drastically  through  the  year  in  adult 
feathers  (Fig.  17D)  but  wear  to  a lesser  extent  in  younger 
birds  (not  illustrated). 

Feathers  from  the  right  side  of  the  interscapular  tract  at 
the  posterior  end  of  the  scapulae  (Fig.  18,  upper)  show  the 
distinctly  more  rounded  shape  of  younger  birds  (Fig.  18A, 
B vs  C,  D).  Feathers  less  than  1 year  old  (Fig.  1 8 A)  are  brown 
in  the  distal  portion  with  large  areas  of  white  basally.  The 
amount  of  white  decreases  during  the  second  year  (Fig.  18B) 
and  is  essentially  gone  in  adults  (Fig.  1 8C,  D).  These  feathers 
are  gray-brown  distally  and  have  dark  margins.  Fresh  adult 
feathers  are  gray  without  distal  dark  margins.  The  distal  por- 
tion of  the  vane  wears  drastically  and  by  the  time  a feather 
is  8- 1 0 months  old,  it  appears  white  or  tan  rather  than  silver- 
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Figure  12.  Juvenal  Brown  Pelican  head  and  neck  feathers:  A,  LACM  86117,  July,  female,  “fledgling”;  B,  LACM  86174,  December,  female, 
8 months  old;  C,  LACM  86137,  January,  male,  9 months  old;  D,  LACM  86151,  April,  female,  12  months  old;  E,  LACM  86248,  July,  female, 
1 5 months  old;  F,  LACM  86211,  February,  male,  2 1 months  old;  G,  LACM  86183,  February,  male,  2 1 months  old;  H,  LACM  86157,  March, 
male,  25  months  old. 


gray.  The  “downy”  bases  of  the  adult  feathers  do  not  appear 
to  wear,  probably  because  they  are  protected  from  abrasion. 

The  mid-back  feathers  of  juvenals  (Fig.  18E)  frequently 
retain  vestiges  of  natal  down  (prepennae)  on  the  rachis  tip 
and  show  wear  distally  even  when  only  a few  months  old. 
The  proximal  “downy”  portions  of  the  vane  are  large  and 
the  feathers  of  this  tract  in  the  first  pennaceous  plumage  are 
larger  than  when  birds  are  older.  They  also  are  brownish 
gray,  the  same  color  as  the  14-month-old  bird  (Fig.  18F), 
whose  feathers  are  quite  short.  The  mid-back  feathers  of 
adults  are  strikingly  silver  distally  along  the  rachis  but  have 
dark  brown-black  margins  (Fig.  18G).  Within  5 to  8 months 


these  feathers  become  shorter,  colors  fade,  the  surface  is 
abraided,  and  the  rachis  and  barb  tips  wear  off  (Fig.  18H). 

The  greater  secondary  coverts  in  juvenals  (Fig.  19A)  are 
somewhat  more  pointed  at  the  tips  than  those  in  adults  and 
are  brown  where  fresh  adults’  vanes  are  gray  (Fig.  1 9C).  Adult 
feathers  when  8-10  months  old  are  worn  at  the  tip  and  the 
gray  is  gone  from  the  vanes,  giving  the  feathers  a more  blunt 
shape  (Fig.  19D).  Lesser  secondary  coverts  (Fig.  19E-H)  are 
distinctly  different  between  juvenals  and  adults.  During  the 
birds’  first  year,  feathers  are  larger  than  after  the  first  molt 
but  the  amount  of  white  basically  remains  the  same  (Fig. 
19E,  F).  Second-generation  feathers  (Fig.  19Fj  are  shorter 
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Figure  13.  Juvenal  Brown  Pelican  back  and  wing  feathers:  A,  LACM  86153,  July,  male,  “fledgling”;  B,  LACM  86 1 1 7,  July,  female,  “fledgling”; 
C,  LACM  86137,  January,  male,  9 months  old. 


than  those  of  adults,  which  are  narrower  and  lack  any  white 
in  the  bases  (Fig.  19G,  H). 

Marginal  coverts  from  the  proximal  manus  (Fig.  20,  upper) 
of  juvenals  have  white  bases  and  are  more  rounded  than  the 
silver-centered,  black-margined  adult  feathers  (Fig.  20B). 
Marginal  coverts  from  the  distal  manus  (Fig.  20,  upper  trio 
on  right)  illustrate  a gradual  change  from  first  year  (Fig.  2 1C) 
to  adult  (Fig.  20E),  becoming  shorter,  more  pointed,  and 
more  distinctly  colored  as  the  bird  matures. 


Contour  feathers  from  the  mid-line  of  the  belly  (Fig.  20, 
lower)  have  considerable  development  of  the  plumulaceous 
portion  of  the  vane.  Juvenal  feathers  (Fig.  20F,  G)  are  shorter 
than  those  of  adults  (Fig.  20H,  I);  first-year  feathers  are  all 
white,  second-year  feathers  are  grayish  brown,  and  fresh  adult 
feathers  are  dark  brown-silver.  These  wear  uniformly  to 
brown,  with  tips  and  distal  portions  wearing  the  most. 

Feathers  from  the  left  femoral  tract  just  anterior  to  the 
head  of  the  femur  (Fig.  21,  upper)  show  a pattern  similar  to 
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Figure  14.  Juvenal  Brown  Pelican  back  and  wing  feathers:  A,  LACM  86174,  December,  female,  8 months  old;  B,  LACM  86170,  January, 
female,  9 months  old;  C,  LACM  86151,  April,  female,  12  months  old;  D,  LACM  86192,  May,  male,  13  months  old. 


that  of  feathers  from  the  back.  Juvenal  feathers  (Fig.  21  A) 
are  oblong-ovate  while  adults  are  elongate-pointed  (Fig.  2 1 B, 
C).  Adult  feathers  wear  during  the  year,  particularly  the  dark 
margins  and  gray  distal  half.  Underwing  coverts  [illustrated 
by  a feather  from  the  second  row.  Secondary  (S)  10,  Fig. 
2 ID]  of  juvenals  are  white  with  a pale  brown  wash  on  the 
vanes.  They  are  longer  and  wider  than  the  white-centered, 
dark-margined  adult  feathers  (Fig.  2 IE).  Underwing  coverts 


from  the  center  of  the  humerus  (Fig.  2 IF,  G)  show  similar 
differences  between  juvenals  and  adults.  These  underwing 
coverts  do  not  wear  dramatically  in  adults. 

In  summary,  the  body  and  contour  feathers  of  adults  and 
juvenals  are  distinctly  different  in  both  color  and  shape  (Ta- 
ble 6).  As  birds  mature,  brown  or  white  feathers  are  replaced 
by  silver-gray  or  black  ones  which  are  frequently  two-toned 
in  color. 
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Figure  15.  Brown  Pelican  back  and  wing  feathers:  A,  LACM  86248,  July,  female,  15  months  old;  B,  LACM  86209,  December,  female,  20 
months  old;  C,  LACM  8621  1,  February,  male,  21  months  old;  D,  LACM  86183,  February,  male,  21  months  old. 


TIMING  OF  MOLT 

In  this  section  we  present  data  on  symmetry  and  presence/ 
absence  of  molt,  molt  in  individual  feathers,  and  molt  in 
individual  birds. 

An  analysis  of  molt  in  primaries,  secondaries,  and  rectrices 
of  524  specimens  available  from  North  and  South  Carolina 
(10),  Florida  (490),  and  Texas-Louisiana  (24)  shows  the  an- 


nual pattern  of  molt  and  differences  between  juvenals,  sub- 
adults, and  adults  (Figs.  22-24). 

Symmetry  of  Molt 

Of  101  Florida  adults,  92  (91%)  showed  no  differences  be- 
tween the  right  and  left  wings  in  primary  molt;  of  1 30 
juvenals  (up  to  2 years  old),  1 29  (99%)  showed  no  differences. 
Differences  that  did  occur  were  of  the  following  nature: 
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Figure  16.  Brown  Pelican  wings:  A,  LACM  86137,  January,  male,  9 months  old;  B,  LACM  91278,  February,  male,  10  months  old;  C,  LACM 
91240,  May,  male,  13  months  old;  D,  LACM  86152,  March,  male,  23  months  old;  E,  LACM  86179,  January,  male,  32  months  old;  F,  LACM 
86232,  May,  male,  48  months  old. 


A.  Right  primary:  1-5  new,  6 old,  7-10  new. 

Left  primary;  1-5  new,  6 growing  Vs,  7-10  new. 

B.  Right  primary:  1-4  old,  5 growing  Viz,  6-10  old. 

Left  primary:  1-10  old. 


C.  Right  primary:  1-5  new,  6 growing  Vi,  7-10  old  worn. 
Left  primary:  1 growing  Vi,  2-6  new,  7 socket,  8-10  old 

worn. 

Secondary  molt  was  the  same  in  both  wings  of  53  (87%) 
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JUVENAL  ADULT 

WHITE  DARK  WORN 

Figure  17.  Brown  Pelican  crest  feathers  from  the  back  of  the  head:  a juvenal  6 months  old  (LACM  86153)  and  an  adult  (LACM  86179) 
fresh,  white  and  dark  in  January,  and  worn  in  August.  A,  LACM  86 1 53,  juvenal,  6 months  old;  B-D,  LACM  86179,  adult,  fresh  in  January 
(B,  C),  and  worn  in  August  (D). 


adults  and  in  56  (89%)  juvenals.  When  differences  did  occur 
between  wings,  they  were  generally  in  S 1 8-30.  As  in  primary 
molt,  the  pattern  remained  the  same,  but  the  timing  was 
shifted  slightly. 

These  data  indicate  that  primary  and  secondary  molt  of 
Brown  Pelicans  are  essentially  similar  for  both  wings  on  a 
bird.  In  the  following  discussion,  right  wing  data  are  used 
wherever  possible,  both  for  live  birds  and  museum  study 
skins. 

Molt  Patterns 

In  order  to  examine  patterns  of  molt,  and  to  provide  data 
on  the  maturation  process,  we  present  illustrations  of  molt 
in  two  ways.  First,  in  a sample  of  birds  from  the  Florida  west 
coast  we  recorded  each  feather  as  either  fully  grown  (old  or 
new),  missing,  or  in  some  stage  of  growth  (Figs.  25-27).  We 
subjectively  categorized  each  fully  grown  feather  as  new  or 
old,  based  on  color  and  condition  (an  index  of  wear)  or  ob- 
vious wear.  Second,  we  drew  molt  maps  of  wings  and  tails 
illustrating  the  stage  of  molt  of  each  feather  of  known-age, 
banded  birds  (Figs.  28A-C;  29;  30A-C),  with  age,  sex,  and 
date  of  examination  noted.  Individuals  shown  in  Figure  29 
are  from  the  Florida  west  coast;  these  birds  were  bom  in 
Florida,  transported  to  and  released  as  fledglings  in  Louisi- 
ana, and  later  collected  by  the  Florida  Fish  and  Game  Com- 


mission for  pesticide  analyses.  Birds  in  Figure  30  are  from 
Baja  California  and  California.  Essentially  all  specimens  are 
in  the  Natural  History  Museum  of  Los  Angeles  County,  pre- 
pared as  flat  skins,  and  the  LACM  specimen  number  or  U.S. 
Fish  and  Wildlife  Service  band  number  is  given.  In  Figures 
28-30  each  feather  is  shown  as  new  or  growing  (shaded  black) 
or  as  old  or  intermediate  (unshaded).  A new  feather  retains 
its  new  look  for  approximately  3^4  months.  The  amount  of 
shading  shows  the  feather  length  (drawn  by  eye),  from  an 
empty  socket  (shown  as  a line  across  the  base  of  the  feather; 
see  Fig.  28A,  third  from  bottom,  S 26)  to  fully  grown.  Age 
estimates  were  determined  by  assuming  a 1 April  hatch  date 
for  both  the  Florida  and  California  specimens.  Since  the 
number  of  rectrices  and  secondaries  varies  (Tables  3,  4),  each 
wing  or  tail  in  the  figures  accurately  represents  the  number 
present  in  that  individual.  We  include  all  the  illustrations  of 
known-age  birds  over  1 2 months  of  age  and  a selection  of 
younger  specimens  illustrating  the  variety.  Those  maps  show 
the  transition  from  juvenal  to  adult  patterns  and  the  adult 
cycle. 

Adults.  A few  adults  molt  primaries  in  March-May  (Fig. 
22).  The  number  of  molting  birds  increases  in  June-July  and 
most  birds  are  molting  in  August-November.  Primary  molt 
is  basically  completed  by  December,  1-2  months  prior  to 
onset  of  nesting  in  most  years  (Schreiber,  1980).  A few  birds 
molt  secondaries  in  March-June  but  most  begin  in  July- 
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Table  5.  Wet  weights  of  Brown  Pelicans  from  Florida  and  the  dry  mass  of  their  skin  and  feathers. 


Adults 

Immatures 

Males 

Females 

Total 

Males 

Females 

Total 

Sample: 

13 

13 

26 

12 

16 

28 

Wet  weight 

Mean  (g) 

3,290 

2,824 

3,023 

2,628 

2,316 

2,528 

SD 

509 

677 

644 

962 

661 

676 

Range 

2,380-4,040 

1,830-3,990 

1,950^1,240 

1,400-3,800 

Dry  weight  (skin  and  feathers) 

Mean  (g) 

274 

241 

258 

247 

207 

224 

SD 

i 6.2 

21.9 

25.0 

24.9 

16.9 

28.6 

Range 

240-310 

220-270 

220-300 

180-235 

Adult  male  wet  mass  heavier  than  immature  male  wet  mass:  t = 2.13,  P < 0.05;  adult  male  dry  skin  heavier  than  immature  male  dry  skin: 
t = 3.18,  P < 0.01;  adult  female  wet  mass  heavier  than  immature  female  wet  mass:  t = 2.03,  P < 0.05;  adult  female  dry  skin  heavier  than 
immature  female  dry  skin:  t = 4.59,  P < 0.001;  adult  wet  mass  heavier  than  immature  wet  mass:  t = 2.75,  P < 0.01;  adult  dry  skin  heavier 
than  immature  dry  skin:  t = 4.66,  P < 0.001;  adult  male  wet  mass  only  marginally  heavier  than  adult  female  wet  mass:  t = 1.90,  P < 0.1; 
adult  male  dry  skin  heavier  than  adult  female  dry  skin:  t = 4.157,  P < 0.001. 

Correlation  coefficients:  adult  wet  mass  versus  dry  skin:  r = 0.556;  adult  male  wet  mass  versus  dry  skin:  r = 0.498;  adult  female  wet  mass 
versus  dry  skin:  r = 0.495;  immature  wet  mass  versus  dry  skin:  r = 0.744;  immature  male  wet  mass  versus  dry  skin:  r = 0.694;  immature 
female  wet  mass  versus  dry  skin:  r = 0.703. 


August,  slightly  later  than  primary  molt.  By  September-No- 
vember  all  birds  are  undergoing  secondary  molt.  Frequency 
decreases  in  December-January  and  is  completed  by  Feb- 
ruary, just  as  nesting  begins. 

Rectrix  molt,  which  begins  in  May-June,  while  the  adults 
may  still  be  feeding  large  nestlings,  takes  longer  than  sec- 
ondary molt  and  is  not  completed  until  February.  The  fewest 
birds  are  molting  rectrices  during  February  through  May. 
Some  adults  with  molt  in  their  rectrices  are  found  in  all 
months  of  the  year  but  probably  few  actually  molt  during 
nesting.  The  annual  cycle  of  rectrix  molt  is  not  as  distinct  as 
that  found  in  the  primaries  and  secondaries. 

Two  simultaneous  waves  of  molt  involving  Primary  (P)  1 
to  P 4 or  5 and  P 5 or  6 to  P 10  are  apparent,  beginning  with 
the  inner  feathers  (P  1 and  P 5 or  6).  Secondaries  and  rectrices 
have  no  simultaneous  waves  of  molt  but  rather  clumps  or 
foci  of  molting  feathers  occur. 

In  Figure  3 1 we  graphically  illustrate  the  generalized  pat- 


tern of  molt  of  the  flight  feathers  and  the  color  variations 
found  in  the  remainder  of  the  body  in  adult  Brown  Pelicans. 
We  have  represented  the  most  commonly  found  condition 
in  pelicans  at  each  stage.  These  changes  also  represent,  in  a 
general  way,  subspecies  from  both  coasts  of  the  United  States. 
The  annual  cycle  and  complicated  nature  of  contour  feather 
molt  and  coloration  is  visible  here. 

J uvenals.  Head  and  neck  feathers  are  replaced  immediately 
upon  independence,  at  the  same  season  of  year  when  these 
feather  tracts  are  molting  in  adults.  It  may  be  that  these 
feather  tracts  are  worn  in  j uvenals  due  to  feeding  inside  the 
pouches  of  adults,  but  the  immediate  synchrony  with  adults 
in  their  molt  may  have  no  functional  or  adaptive  significance. 

Molt  of  the  primaries  and  secondaries  starts  when  juvenals 
are  12-14  months  old  (April-June)  although  some  individ- 
uals may  not  molt  any  primaries  or  secondaries  during  their 
first  year.  Molt  begins  with  feather  1 in  the  primaries  and 
proceeds  distally  to  P 10  in  one  wave  through  July-August, 


Table  6.  Summary  of  color  and  shape  differences  between  juvenal  and  adult  feathers. 


Region 

Juvenal 

Adult 

Color 

Shape 

Color 

Shape 

Head  crest 

brown 

rounded,  ovate 

white  or  black 

long  ovate 

Scapulars 

brown 

rounded,  wide 

gray-silver 

narrow  elongate 

Mid-back 

brown 

rounded,  wide 

black  edges,  silver  middle  and  tip 

elongate 

Greater  secondary  coverts 

brown 

wide  round 

gray-silver 

wide  rounded 

Marginal  coverts  (mid-manus) 

brown 

wide  pointed  round 

gray-silver 

long  pointed 

Marginal  coverts  (proximal  manus) 

brown 

wide  pointed  round 

dark  edges,  gray  middle 

pointed 

Belly 

white 

rounded,  wide 

black 

long,  oblong 

Flanks 

brown 

rounded,  ovate 

black  edges  proximal,  gray  middle 

narrow  pointed 

Underwing  coverts 

white 

rounded 

black  edges  proximal,  gray  middle 

narrow  pointed 
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JUVENAL  14  MONTHS  ADULT 

MARCH  AUGUST 


JUVENAL  14  MONTHS  ADULT 

MARCH  AUGUST 

Figure  18.  Brown  Pelican  mid-scapular  feathers  (upper)  and  mid-back  feathers  (lower):  a juvenal  6 months  old,  a bird  14  months  old,  ana 
an  adult  in  March  and  August. 
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Figure  19.  Brown  Pelican  greater  secondary  coverts;  S 3,  right  wing  (upper),  and  lesser  secondary  coverts  from  mid-humeral  tract,  right  wing 
(lower).  A juvenal  6 months  old,  a bird  14  months  old,  and  an  adult  in  March  and  August. 
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Figure  20.  Brown  Pelican  marginal  coverts  from  the  proximal  manus  of  the  right  wing  (upper,  left  pair)  of  a juvenal  6 months  old  and  an 
adult  in  March;  marginal  coverts  from  the  distal  manus  (upper  right)  of  a juvenal,  a 14-month-old  bird,  and  an  adult  in  March;  and  mid- 
belly feathers  (lower)  of  a juvenal,  a 14  month  old  bird,  and  an  adult  in  March  and  August. 
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Figure  21.  Brown  Pelican  left  mid-flank  feathers  (upper)  of  a juvenal  and  an  adult  in  March  and  August;  and  underwing  coverts  (lower)  of 
a juvenal  and  a 14-month-old  bird,  from  the  second  row  of  the  distalmost  secondary  feather  (left  pair)  and  of  a juvenal  and  an  adult  in  March, 
from  the  inner  humeral  tract. 
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Figure  22.  Incidence  of  one  or  more  growing  or  missing  flight 
feathers  in  adult  Brown  Pelicans  from  Florida,  the  Carolinas,  Texas, 
and  Louisiana.  Sample  sizes  above  each  month. 


when  the  birds  are  12-15  months  out  of  their  nests  (Fig. 
28).  Molt  of  the  secondaries  occurs  during  a shorter  period 
some  time  between  April  and  October,  beginning  with  S 27- 
32,  but  skips  around  rather  than  proceeding  in  a wave  (Fig. 
28 B).  Rectrices  undergo  almost  continuous  molt  (generally 
bilaterally  symmetrical)  during  the  birds’  first  10-12  months 
out  of  the  nest  (Fig.  28A).  As  in  adults  the  foci  of  molt  are 
obvious  in  secondaries  and  rectrices.  At  18  months  of  age 
most  primaries  are  new  and  the  rectrices  are  probably  being 
replaced  a second  time. 

Subadults.  Subadult  birds  show  an  intermediate  pattern 
between  juvenals  and  adults  (Fig.  24).  Our  sample  is  small 
but  molting  birds  are  found  in  every  month,  with  somewhat 
fewer  birds  in  November-March. 

The  two-wave  molt  pattern  of  adults  begins  to  be  apparent 
in  the  primaries  at  2 years  of  age  (Fig.  27):  P 1 and  6,  2 and 
7,  3 and  8,  etc.,  are  replaced  simultaneously  (Fig.  28B).  This 
pattern  is  established  in  the  fall  and  is  maintained  through 
all  adult  plumages  (Fig.  28C).  Secondary  and  rectrix  molt 
show  the  foci  patterns  of  both  juvenals  and  adults.  The  molt 
is  slightly  more  extended  in  subadults  than  in  adults,  although 
on  basically  the  same  time  schedule.  Rectrix  molt  is  found 
throughout  the  year  but  is  lowest  in  January-May. 

The  samples  available  from  California  indicate  a general 
pattern  similar  to  those  from  Florida  (Fig.  30A-C).  Nestlings 
hatched  in  Florida,  transported  to  Louisiana,  and  released 
show  the  same  subadult  molt  patterns  (Fig.  29).  These  data 
do  not  allow  us  to  determine  the  rates  of  feather  growth,  a 
subject  in  need  of  further  study. 

DISCUSSION 

Molt  sequences  and  plumages  follow  distinct  seasonal  and 
age-related  patterns,  which  we  discuss  in  the  following  sec- 


oo 


Figure  23.  Incidence  of  one  or  more  growing  or  missing  flight 
feathers  in  Brown  Pelicans  3-18  months  old  from  Florida,  the  Car- 
olinas, Texas,  and  Louisiana.  Sample  sizes  above  each  month. 
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Figure  24.  Incidence  of  one  or  more  growing  or  missing  flight 
feathers  in  Brown  Pelicans  19-38  months  old  from  Florida,  the 
Carolinas,  Texas,  and  Louisiana.  Sample  sizes  above  each  month. 


tions.  In  this  exposition  of  the  schemes,  we  describe  an  ideal- 
ized system. 

MOLT  TERMINOLOGY 

Palmer  (1962)  provided  a fine  review  of  the  coloration  of 
Brown  Pelicans,  both  adult  and  juvenal,  and  followed  the 
nomenclatural  scheme  proposed  by  Humphrey  and  Parkes 
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Figure  25.  Molt  of  individual  flight  feathers  of  adult  Brown  Pelicans  from  the  Florida  west  coast.  Primary  and  secondary  feathers  are 
numbered  in  the  usual  manner.  Rectrices  are  numbered  from  outer  right  to  outer  left.  This  system  is  used  because  of  the  variable  number  of 
rectrices  and  the  difficulty  in  standardizing  for  computer  analysis  this  variance  causes.  Length  of  the  bar  indicates  the  percent  molting  from 
1%  to  100%.  Solid  bars  indicate  samples  of  at  least  10  birds  and  hatched  bars  occur  for  samples  of  fewer  than  10  birds.  A thin  horizontal  line 
indicates  no  data  for  that  feather. 


(1959).  We  have  made  no  specific  references  to  Palmer’s 
descriptions,  which  are  essentially  correct  despite  their  reli- 
ance on  unknown-age  museum  specimens;  rather,  we  provide 
details  from  our  more  extensive  study  and  provide  a more 
precise  description  of  changes  between  what  Palmer  called 
the  basic  and  alternate  I,  basic  and  alternate  II,  and  basic  III 
plumages  (Table  7). 

Amadon  ( 1 966)  provided  an  alternative  to  the  Humphrey/ 
Parkes  scheme  (Humphrey  and  Parkes,  1959,  1963),  and  the 
gist  of  the  difference  between  the  two  lies  in  whether  molt 
should  be  discussed  in  relation  to  the  life  cycle  (courtship, 
nesting,  development:  Amadon)  or  independent  of  the  life 
cycle  (so  that  one  can  compare  homology  of  plumages  among 
species;  Humphrey/Parkes).  Amadon  uses  the  term  “plum- 


age” as  the  collective  term  for  a bird’s  feathers  while  Hum- 
phrey and  Parkes  use  “plumage”  to  mean  a single  generation 
of  feathers.  In  Table  7 we  summarize  the  Humphrey/Parkes 
(Humphrey  and  Parkes,  1959,  1963)  and  Amadon  (1966) 
nomenclatural  schemes  as  they  apply  to  Brown  Pelicans. 

Brown  Pelicans  do  not  adhere  strictly  to  either  scheme; 
some  individuals  breed  in  either  of  the  two  adult  feather 
coats,  not  always  in  the  one  termed  “nuptial  plumage.”  Fur- 
ther, juvenals  and  subadults  molt  almost  continuously  for 
2-3  years,  and  birds  in  the  later  stages  of  subadult  plumage 
do  occasionally  breed  (Blus  and  Keahey,  1978).  Due  to 
the  extremely  complex  and  highly  variable  pattern  of  molts, 
seasonally  and  geographically,  and  due  to  age  variation,  we 
presently  cannot  accurately  homologize  plumages  of  young 


28  Contributions  in  Science,  Number  402 


Schreiber  et  al.:  Plumages  and  Molts  of  Brown  Pelicans 


JANUARY  FEBRUARY  MARCH  APRIL  MAY 


JUNE  JULY 


AUGUST  SEPTEMBER  OCTOBER  NOVEMBER  DECEMBER 


t 5 


5 15 


* 18 


9 

CC  10 

m 11 

1 12 
§ 13 
Z 14 
> 15 

CC  ■ A 
< ? 


January  February  March 


i i 


[ 


Mi 


January  February  March  April  May 

1 • • r 


1 1 


■i 


June  July  August  September  October  November  December 


P 


ill 

llil 

IP 

III 

llil 


Uf 


July  August  September  October  November  December 


III  ill 


Figure  26.  Molt  of  individual  flight  feathers  of  juvenal  Brown  Pelicans  3-18  months  old  from  the  Florida  west  coast.  Data  tabulated  as 
described  in  Figure  26. 


birds  and  are  reluctant  to  define  feather  generations  in  adults. 
Perhaps  with  further  study  such  homologizing  and  naming 
can  be  accomplished. 

Adult  Plumages  (Amadon  Scheme) 

Amadon  uses  “adult”  to  describe  the  coloration  of  the  breed- 
ing plumage;  and  while  some  birds  may  not  actually  breed 
for  some  time  after  achieving  that  adult  plumage,  his  scheme 
allows  for  precision  in  describing  specific  behavioral/ecolog- 
ical activities  of  individual  birds  (and  thus  populations).  He 
notes  that  exceptional  species  will  need  to  be  handled  on  an 
individual  basis.  We  believe  Brown  Pelicans  are  one  of  these 
exceptions. 

Amadon  (pers.  comm.)  describes  adult  annual  cycle  phases 
as  activities  carried  out  while  birds  are  in  a specific  plumage. 
Amadon  has  not  described  or  named  plumages,  but  rather 


“aspects”  (sensu  Humphrey  and  Parkes)  that  include  soft 
part  colors  and  the  degree  of  wear  in  feathers.  Amadon  de- 
scribes what  a bird  looks  like  while  it  goes  about  various 
annual  cycle  activities.  His  scheme  is  not  directly  related  to 
plumage  replacement  but  rather  to  plumage  as  a secondary 
part  of  the  annual  cycle.  The  following  four  phases  of  adult 
appearance  (with  our  addition  of  a nestling  stage)  are  our 
classification  under  the  Amadon  scheme: 

1)  Courtship  — Brightest  soft  part  colors:  iris  light,  eye  ring 
pink,  bill  bright  orange-red,  pouch  colorful  (bright  red  in 
Pelecanus  occidentalis  californicus,  metallic  green  in  P.  o. 
carolinensis );  dark  brown  neck,  yellow  head,  fresh  body 
feathers,  clean  appearance,  white  yoke  on  back  of  neck,  bright 
silver  back,  and  dark  black-brown  belly. 

2)  Nesting— Fading  soft  part  colors;  all  brown  neck,  white 
head  or  yellow  feathers  of  head  being  replaced  by  white; 
beginning  to  show  wear  of  all  feathers. 
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Figure  27.  Molt  of  individual  flight  feathers  of  subadult  Brown  Pelicans  19-38  months  old  from  the  Florida  west  coast.  Data  tabulated  as 
described  in  Figure  26. 


3)  Nestling  Stage— Faded  soft  part  colors:  eye  dark,  no 
pink  eye  ring,  yellowing  or  gray  pouch,  bill  mottled  slate  with 
yellowish  spot  on  lower  proximal  mandible;  rhamphotheca 
shedding;  neck  fading  to  lighter  brown,  head  white  or  with 
heavy  speckling;  body  fading  and  worn  looking;  beginning 
(light  feather  molt  as  nestlings  fledge. 

4)  Non-Breeding— Faded  soft  part  colors  which  heighten 
in  brightness  at  end  of  this  phase;  all  white  neck,  pale  yellow 
head;  complete  molt  of  all  flight  and  body  feathers,  which 
look  extremely  worn  early  in  phase  and  fresh  at  end. 

Definitive  Plumages  (Humphrey/Parkes  Scheme) 

Because  of  the  lack  of  information  on  homologies,  and  be- 
cause we  cannot  determine  exactly  which  is  the  definitive 
basic  or  definitive  alternate  plumage,  we  cannot  fully  adapt 
the  Humphrey/Parkes  scheme  to  Brown  Pelicans.  Based  on 
when  the  major  molt  occurs,  the  definitive  basic  plumage  in 
Brown  Pelicans  under  the  Humphrey/Parkes  scheme  should 
be  predicted  to  be  the  one  normally  seen  in  “winter.” 


We  cannot  determine  if  this  definitive  basic  plumage  should 
be  the  white  neck  or  dark  brown  neck,  or  the  yellow  head  or 
white  head.  Since  the  pre-basic  molt  of  the  flight  feathers  is 
completed  at  the  same  time  that  the  white  neck  feathers  and 
yellow  head  feathers  are  new,  those  might  be  considered  parts 
of  the  definitive  basic  plumage.  The  dark  neck  feathers  ac- 
quired just  prior  to  onset  of  breeding  and  the  white  head 
feathers  acquired  just  after  egg-laying  should  be  considered 
as  an  alternate  plumage  acquired  by  a pre-alternate  partial 
molt.  The  loss  of  all  body  feathers  after  breeding  then  leads 
to  the  definitive  basic  plumage.  The  few  brown  feathers  that 
appear  on  the  heads  of  most  adults  may  be  an  additional 
molt  called  the  pre-supplemental  molt. 

The  pre-basic  molt  involves  all  or  most  of  the  body,  wings, 
tail,  head,  and  neck.  The  pre-alternate  molt  involves  only 
the  head  and  neck.  A pre-supplemental  molt  (if  it  exists) 
primarily  involves  the  head. 

The  definitive  (adult)  plumage  is  achieved  in  the  third  or 
fourth  year  (36+  months  old),  apparently  seldom  sooner, 
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Figure  28.  A-C,  Individual  known-age  Brown  Pelicans  from  the  Florida  west  coast  showing  presence  of  old,  new  (dark),  and  growing  feathers. 
(Parts  B and  C of  this  figure  appear  on  following  pages.) 
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Figure  28.  Continued. 


but  occasionally  later.  Brown  Pelicans  have  three  easily  de- 
fined aspects  (appearances)  per  annual  cycle:  1 ) dark  brown 
neck  with  yellow  head  obtained  by  one  pre-alternate  molt  of 
the  neck  feathers  just  before  breeding;  2)  worn-looking  dark 


brown  neck  with  white  or  speckled  head;  and  3)  white  neck 
with  pale  yellow  head  appearing  just  after  breeding  is  com- 
pleted. The  belly  is  always  black-brown  and  the  body  feathers 
are  either  fresh  gray  or  worn  gray-brown.  Wear  of  the  feath- 
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Figure  28.  Continued. 


ers,  especially  of  the  upper  body  surface,  causes  considerable 
change  in  the  appearance  of  the  adults. 

Parkes  (in  litt.)  notes  that  attribution  of  the  scattered  brown 
head  feathers  to  a third  molt  (properly  called  pre-supple- 
mental)  depends  on  whether  the  individual  follicles  grow 
three  generations  of  feathers  per  cycle  (yellow,  white,  and 
brown).  The  fact  that  only  a limited  number  of  feathers  is 
involved  does  not  disqualify  these  from  being  a third  sup- 
plemental plumage  generation.  This  occurrence  in  Brown 
Pelicans,  however,  may  be  a protracted  pre-alternate  molt, 
with  early  feathers  white  and  later  feathers  brown.  Evidence 
for  this  latter  interpretation  would  be  the  presence  of  old 
yellow  generation  (basic)  feathers  among  the  newer  white 
(alternate)  head  feathers  at  the  time  that  the  appearance  of 
new  brown  feathers  begins,  suggesting  that  the  basic  feathers 
are  replaced  gradually,  with  hormonal  changes  perhaps  stim- 
ulating the  earlier  ones  to  be  non-pigmented.  We  believe  the 
former  situation  describes  what  happens  in  Brown  Pelicans. 
This  is  a major  unanswered  question,  however,  and  study  of 
captive  birds  of  known  age  will  be  required  for  a solution. 

TIMING  OF  MOLT  AND 
MOLT-BREEDING  OVERLAP 

Molt  in  birds  is  influenced  by  both  environmental  conditions 
and  internal  physiological  state  (Payne,  1972).  Breeding  sea- 
sons and  molt  vary  with  temperature,  day  length,  and  food 
availability,  and  we  are  unable  at  present  to  separate  the 
influence  of  these  factors  or  to  distinguish  how  they  interact 
as  ultimate  and  proximate  cues  for  breeding.  We  suspect  that 
temperature,  which  has  a major  effect  on  food  supply,  is  the 
overriding  factor  (Schreiber,  1980),  at  least  in  the  Flor- 
ida west  coast  population. 


Most  adults  have  completed  the  annual  molt  of  their  flight 
feathers  by  December  in  all  years  and  locations.  However, 
breeding  usually  does  not  commence  until  late  February  in 
Florida.  The  years  when  breeding  occurs  earlier  lack  freezing 
temperatures  in  November-January  (Schreiber,  1980).  The 
molt  of  the  head  and  especially  of  the  neck  feathers  appears 
to  be  more  conservative  and  regular  than  the  molt  of  the 
flight  feathers  (see  Figs.  1 1 and  31).  In  unusually  warm  years 
(e.g.  1971  and  1974)  Brown  Pelicans  sometimes  breed  with- 
out bright  colors  of  the  face,  head,  and  neck  fully  developed 
(Fig.  10).  We  interpret  this  as  a good  indication  of  some 
independence  between  hormonal/breeding  and  hormonal/ 
plumage  cycles. 

Breeding  requires  approximately  5 months  (Schreiber, 
1979),  with  3-4  months  needed  to  complete  a molt.  The 
birds  are  then  apparently  ready  to  breed  again  in  less  than  a 
year  but  are  inhibited  from  breeding,  possibly  by  the  cold  or 
a limited  food  supply,  entraining  breeding  and  molt  into  an 
annual  cycle  (Schreiber,  1980). 

Molt-breeding  overlap  has  received  some  attention  in  re- 
cent years  (Foster,  1974,  1975;  Thompson  and  Slack,  1983). 
Without  physiological  data,  we  can  say  little  about  the  spe- 
cific mechanisms  controlling  molt  and  the  possible  con- 
straints molt  might  have  on  Brown  Pelican  breeding  biology, 
but  there  does  exist  some  molt  and  breeding  overlap:  neck 
and  head  feathers  are  molted  again  during  courtship  and 
incubation;  molt  of  the  flight  and  body  feathers  begins  at  the 
end  of  the  breeding  season,  when  many  adults  are  still  feeding 
large  nestlings;  and  a few  rectrices  may  molt  throughout  the 
year.  Energetic  constraints  apparently  do  not  make  molt  and 
breeding  mutually  exclusive.  Additional  physiological  stud- 
ies of  these  factors  need  to  be  done  (Wolf  et  al.,  1985). 

Bright  pouch  color  may  serve  primarily  to  indicate  to  other 
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Figure  29.  Individual  known-age  Brown  Pelicans  hatched  in  Florida,  transported  to  and  released  in  Louisiana  as  fledglings,  and  then  recaptured 
there,  showing  presence  of  old,  new  (dark),  and  growing  feathers. 
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Figure  30.  A-C,  Individual  known-age  Brown  Pelicans  from  Baja  California,  Mexico,  showing  presence  of  old,  new  (dark),  and  growing 
feathers.  (Parts  B and  C of  this  figure  appear  on  following  pages.) 
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Figure  30.  Continued. 


adults  the  displaying  bird’s  condition  of  sexual  readiness. 
The  bill  color,  since  it  changes  more  slowly,  may  serve  as  a 
longer-term  individual  recognition  signal  to  members  of  a 
pair  or  to  surrounding  territory  owners  (Schreiber,  1977). 


The  other  soft  part  colors  similarly  show  sexual  readiness 
but  could  also  serve  in  individual  recognition. 

Birds  in  the  eastern  part  of  the  range  are  not  known  to 
skip  a breeding  season;  however,  the  Gulf  of  California  may 
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provide  an  interesting  contrast.  There,  breeding  is  strongly 
influenced  by  El  Nino-Southern  Oscillation  events  (ENSO) 
(Barber  and  Chavez,  1 983).  When  weather  events  reduce  the 
food  supply,  pelicans  may  fail  to  breed.  During  years  when 
breeding  does  not  occur,  adult  pelicans  continue  to  molt 
approximately  on  schedule  (Anderson,  unpubl.  data). 

Occasionally  a feather  may  be  retained  during  the  annual 
molt.  This  occurs  infrequently  in  tertiaries  and  inner  sec- 


ondaries (less  than  one  feather  per  200  birds  examined)  and 
we  have  never  found  a primary  or  rectrix  feather  in  this 
extreme  condition.  Many  other  large  birds  (Bloesch  et  al., 
1977;  and  see  also  Stutterheim,  1980,  and  Sutter,  1984)  do 
retain  feathers  longer  than  1 year.  Storks  and  vultures,  which 
retain  some  feathers  for  2 years,  both  migrate  longer  distances 
than  do  pelicans  (Cramp  et  al.,  1977  and  later).  Migration 
may  be  energetically  costly  enough  that  extensive  post-breed- 
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Figure  31.  A diagram  showing  the  major  molts  and  associated 
color  changes  (soft  part  color  changes  are  not  given  here)  in  a typical 
adult  Brown  Pelican.  Panels  1-3  represent  molt  intensity  only;  the 
remainder  also  represent  color  changes  in  the  feathers,  or  variations 
seen  due  to  the  mixing  of  feathers  from  two  generations.  Panels  4- 
7 indicate  molt  by  solid  lines.  Color  changes  in  a given  feather 
generation  are  indicated  with  dashed  lines. 


ing  molt  cannot  occur  at  the  same  time,  causing  some  feathers 
to  be  retained  each  year. 

Although  molt  has  been  described  in  some  seabird  species 
(i.e.  Ainley  et  al.,  1 976;  de  Korte  and  de  Vries,  1 978;  Schrei- 
ber  and  Ashmole,  1970;  Thompson  and  Slack,  1983,  and 
references  therein),  little  study  has  been  done  on  pelecani- 
forms  (Palmer,  1972;  Cramp  et  al.,  1977  and  later;  but  see 
de  Korte  and  de  Vries,  1 978).  Further  data  on  species  similar 
to  pelicans  in  size  and  ecology  are  needed  before  comparisons 
will  be  fruitful. 


PRIMARY  MOLT  AND  THE  STAFFELMAUSE 

Stresemann  and  Stresemann  (1966)  stated  that  Pelecanus 
{occidentalis)  thagus  molt  the  primaries  like  Sula.  The  Sula 
data  came  from  Dorward’s  (1962)  study  of  nesting  adults  on 
Ascension  Island,  and  the  pelican  data  from  an  examination 
of  five  specimens  in  the  American  Museum  of  Natural  His- 
tory. The  pattern  described  as  Staffelmause  is  explained 
somewhat  differently  by  various  authors  (Potts,  1971;  Ginn 
and  Melville,  1 983;  Cooper,  1 985).  We  agree  with  Parkes  (in 
litt.)  that  understanding  what  the  Stresemanns  meant  by  Staf- 
felmause is  difficult.  It  appears  that  they  were  describing  a 
system  where  only  the  inner  primaries  were  molted  in  the 
first  year  after  fledging.  Thereafter,  the  outer  primaries  were 
a generation  behind  the  inner  ones.  Molt  after  the  first  year 
proceeded  as  we  have  described,  in  two  simultaneous  waves. 
Ginn  and  Melville  (1983),  however,  have  interpreted  Staf- 
felmause to  be  the  beginning  of  a new  molt  cycle  before  the 
previous  one  has  ended,  so  that  there  are  two  concurrent 
molt  centers  which  have  started  at  different  times. 

In  Table  8 we  illustrate  the  supposed  Staffelmause  and  the 


actual  pattern  of  molt.  With  our  large  sample  size  of  maturing 
juvenals  we  were  able  to  determine  that  primaries  are  molted 
in  sequence  from  P 1 to  P 10  in  the  first  year  after  fledging; 
therefore,  if  we  have  translated  the  Stresemanns’  paper  cor- 
rectly, their  description  of  first  ju venal  molt  is  incorrect.  The 
difficulty  in  understanding  exactly  what  the  Stresemanns 
meant  and  our  additional  data  lead  us  to  suggest  that  the 
term  Staffelmause  not  be  used  (see  Prevost,  1983,  and  Coo- 
per, 1985,  for  example). 

SU BSPECIFIC  DIFFERENCES 

Our  data  describe  Pelecanus  occidentalis  carolinensis  and  P. 
o.  California is.  Few  data  are  available  for  P.  o.  occidentalis 
or  P.  o.  thagus.  The  basic  patterns  appear  to  be  similar  in  all 
subspecies,  however,  we  have  noted  some  differences  based 
on  the  literature,  photographs,  and  limited  field  observations. 
The  first  difference  is  the  high  proportion  of  birds  with  adult- 
like heads  and  necks  but  white  bellies  in  both  loafing  groups 
and  breeding  colonies  of  P.  o.  thagus.  Such  birds  are  rare  in 
our  study  areas.  Second,  the  pouch  of  P.  o.  thagus  is  blue 
and  the  upperwing  coverts  form  two  distinct  white  patches 
on  each  side  (one  over  the  primaries  and  secondaries,  the 
other  over  the  tertiaries)  which  are  separated  in  mid-back 
and  at  the  elbow  by  dark  brown,  shorter  feathers.  Many  birds 
seem  to  have  an  overall  dark  appearance  on  the  dorsum, 
rather  than  being  silver-gray. 

Forbes  (1914)  was  accurate  in  predicting  that  3-4  years 
were  required  for  Pelecanus  to  acquire  the  full  adult  plumage. 
He  noted,  based  on  his  visit  to  a nesting  colony  in  November, 
that  incubating  birds  in  Peru  had  three  plumages:  birds’  necks 
were  either  pure  white,  sooty  gray,  or  jet  black.  He  thought 
these  neck  differences  were  related  to  age  differences  rather 
than  what  we  can  now  interpret  as  the  seasonal  cycle  of 
plumages  for  adult  birds.  Forbes  gave  valuable  descriptions 
of  specimens  and  had  excellent  color  illustrations  by  H. 
Gronvold.  In  plate  XIII  (between  pp.  410  and  411),  Forbes 
indicated  the  four  figured  birds  are  different  ages;  however, 
we  believe  that  his  figures  1 (specimen  in  November),  2 
(December),  and  4 (January)  clearly  illustrate  the  plumages 
worn  in  those  months  by  the  majority  of  adult  pelicans  in 
the  region  and  are  comparable  to  our  Figure  1 . Forbes’  figure 
3 may  be  of  a younger  bird  (November)  but  we  suspect  it  is 
merely  a further  development  of  plumage  and  actually  is  in 
a stage  between  2 and  4 in  that  plate.  The  difference  in  the 
extent  of  the  brown  on  the  back  of  the  head  in  the  crest  region 
is  less  in  P.  o.  thagus  than  other  forms,  as  illustrated  in 
Forbes’  plate.  However,  since  Gronvold  drew  the  illustra- 
tions from  study  skins,  this  difference  may  be  an  artifact.  It 
has  not  been  noticeable  in  our  brief  studies  of  live  Peruvian 
birds. 

Peruvian  pelicans  often  breed  in  what  we  would  call  an 
“advanced  juvenal  plumage.”  We  speculate  that  in  the  coast- 
al upwelling  systems,  which  experience  frequent  and  severe 
ENSO  events,  there  has  been  selection  to  breed  at  an  early 
age  due  to  high  adult  mortality.  Duffy  (1980)  reported  higher 
mortality  rates  on  the  Galapagos  Islands  than  we  observed 
in  our  Florida  and  California  study  populations. 
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Table  7.  Our  attempt  to  combine  two  frequently-used  systems  of  avian  plumage  and  molt  nomenclature  with  feather  changes  seen  in  Brown 
Pelicans.  Some  of  these  changes  are  more  evident  when  soft  part  color  changes  (not  indicated  here)  are  included  in  description. 


Approx. 


Humphrey/Parkes  Nomenclature 


Amadon’s  nomenclature’ 


(months)1 

Overall  plumage2 * 

Molt 

Overall  plumage2 

Molt 

0.25-2 

natal  down 

downy 

1 

1 

pre -juvenal 

pennaceous 

post-natal 

3 

juvenal 

1 

juvenal 

1 

1 

i 

pre-basic  I 

i 

post-juvenal 

7 

basic  I 

. 

immature 

I 

1 

I 

pre-altemate  I 

1 

immature 

10 

alternate  I*J 

. 

immature 

1 

1 

1 

pre-basic  II 

1 

immature 

19 

basic  11 

. 

immature 

I 

1 \ 

1 

pre-alternate  II 

i 

immature 

22 

alternate  II— III*4 

. 

immature/subadult 

I 

1 1 

I 

pre-basic  III 

1 

immature 

31 

basic  II-II1 

. 

immature/subadult 

I 

1 1 

J 

pre-alternate  III 

1 

immature 

22-34 

alternate  Ill-IV*4 

. 

subadult 

1 

1 1 

I 

pre-basic  (complete) 

i 

immature/adult 

34-44 

definitive  basic  (IV) 

i 

adult/subadult 

1 

1 1 

I 

pre-altemate  (partial) 

1 

pre-breeding  partial 

36-46 

/ definitive  alternate  (IV) 

I 

* adult-courtship 

I 

1 

neck 

1 

breeding  partial 

definitive  supplemental 

head 

adult-nesting 

1 

I 

pre-supplemental  head  (partial) 

adult-nesting  care 

breeding  partial 

N definitive  basic 

i 

1 

I 

pre-basic  (complete) 

' adult-nonbreeding 

post-breeding  complete 

1 Ages  show  variability  presumed  due  to  sex  and  nutritional  differences.  In  some  birds  the  intermediate,  pre-definitive  plumages  may  even  be 
extended  a year  more  than  shown. 

2 “Overall  plumage”  here  is  based  on  the  appearance  of  the  bird  in  its  entirety,  combining  all  feather  tracts  into  one  image. 

1 Amadon’s  (1966)  nomenclature  has  been  somewhat  modified  here  by  us  to  be  as  descriptive  as  possible. 

4 Although  “supplemental”  conditions  (Humphrey  and  Parkes,  1959)  are  not  readily  distinguishable  at  the  points  marked  “*”,  we  think  they 
are  represented  nonetheless  (at  least  in  the  definition  given  by  the  Humphrey/Parkes  scheme).  The  supplemental  plumage  (seen  only  in  changes 
of  the  head)  becomes  more  distinguishable  toward  definitive  condition,  but  may  also  lessen  with  age  within  the  older  "definitive”  individuals. 
Supplemental  are  not  defined  at  “*”  because  they  are  not  readily  distinguishable  in  overall  pelican  appearance. 


BREEDING  IN  “IMMATURE”  PLUMAGE 
AND  SEXUAL  DIFFERENCES  IN 
ACQUIRING  ADULT  PLUMAGE 

Brown  Pelicans  do  breed  in  immature  plumage  (Blus  and 
Keahey,  1978).  We  can  give  approximate  ages  to  the  birds 
illustrated  in  the  South  Carolina  colony  studied  by  Blus  and 
Keahey  (fig.  1,  p.  129):  B is  in  its  third  year  (36 ± months 
old),  C is  a younger  bird  (24  ± months  old),  and  D is  ap- 
proximately the  same  age  as  B but  shows  less  “adult”  de- 
velopment of  the  head  region.  Based  on  bill  lengths  we  suggest 
that  A,  B,  and  C are  females  (shorter  bills)  and  D is  a male. 
These  immatures  were  less  successful  at  nesting  than  adults 
in  South  Carolina,  near  the  northern  periphery  of  the  nesting 
range  of  the  species.  Blus  and  Keahey  (1978)  also  note  that 
immatures  were  reported  breeding  in  Peru.  In  California, 
where  the  population  was  greatly  reduced  in  the  late  1960s 
due  to  pesticides,  some  white-bellied  birds  bred  and  others 


attempted  to  breed  (about  20%;  Anderson  and  Gress,  1983). 
This  was  much  less  common  (5%)  in  the  Gulf  of  California 
colonies,  where  populations  remained  more  stable  (Ander- 
son, unpubl.  data).  As  previously  stated,  no  immatures  were 
known  to  form  pair  bonds  and  establish  nests  in  Tarpon  Key, 
Tampa  Bay,  Florida.  We  have  no  explanation  as  to  why 
females  sometimes  mature  earlier  (at  34-36  months)  than 
males  (at  36-42  months),  but  there  is  extensive  individual 
variation. 

NUMBER  OF  FEATHERS 

The  number  of  feathers  comprising  the  primaries,  second- 
aries, and  rectrices  has  been  a matter  of  interest  to  orni- 
thologists over  the  years.  Coues  (1890)  noted  for  the 
Steganopodes  (=Pelecaniformes)  that  there  are  “usually  22- 
24  tail-feathers  in  the  pelicans”  (p.  7 1 9)  and  that  the  remiges 
“are  from  26  to  40  in  number,  of  which  10  are  always  long. 
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Table  8.  Origin  of  the  molt  pattern  of  primary  feathers  of  Brown 
Pelicans. 

Supposed  Staffelmause 


Primary  number 


1 2 3 4 5 

6 7 8 9 10 

First  year  of  molt 

Cycle  1 

Second  year  of  molt 

Cycle  2 

Third  year  of  molt 

Cycle  3 

Cycle  2 

Fourth  and  following 
years 

Cycle  4 

Cycle  3 

What 

we  believe  happens 

Primary  number 

12  3 4 5 

6 7 8 9 10 

First  year  of  molt 

Cycle  1 

Second  year  of  molt 

Cycle  2 

Cycle  2 

Third  year  of  molt 

Cycle  3 

Cycle  3 

Fourth  and  following 
years 

Cycle  4 

Cycle  4 

strong,  pointed  primaries.”  However,  Clark  (1918)  said  that 
Pelecanus  species  have  10  rectrices  on  each  side  of  the  py- 
gostyle.  His  sample  size  is  not  indicated  and  the  specimens 
he  examined  are  unknown.  Palmer  (1962)  lists  22  tail  feathers 
in  Pelecanus. 

Parkes  (1950)  used  the  term  “supernumerary  rectrices,” 
and  Somadikarta  (1984)  then  coined  the  unfortunate  term 
“polyrectricycly,”  to  mean  “the  occurrence  of  more  than  a 
normal  number  of  tail  feathers.”  We  prefer  the  older  term. 
Hanmer  (1985)  used  “anisorectricial”  to  describe  “tails  with 
an  abnormal  number  of  rectrices,  that  is  the  number  that  is 
unequal  to  the  normal  or  with  an  unequal  number  on  the 
two  sides.” 

We  have  no  explanation  for  the  varying  number  of  rectrices 
(19-24;  Tables  3,  4).  The  greater  number  of  feathers  on  the 
right  side  of  the  pygostyle  than  the  left  side  may  be  due  to 
the  fact  that  the  bird’s  body  rotates  to  the  left  as  it  hits  the 
water  during  a dive  (Schreiber  et  al.,  1975).  Anatomically 
the  trachea  and  esophagus  are  fixed  in  the  throat  on  the  right 
side  of  the  neck  (Schreiber  and  Schreiber,  unpubl.  data  from 
examination  of  over  500  specimens)  and  when  the  birds 
rotate,  the  pressure  of  hitting  the  water  is  on  the  left  side 
away  from  the  trachea.  Having  an  increased  number  of  feath- 
ers in  the  steering  surface  of  the  tail  on  the  right  side  might 
facilitate  this  rotation  (Paul  McCrady,  pers.  comm.). 

We  have  never  seen  anything  but  10  primaries  in  over 
2,000  birds  examined.  The  varying  number  of  secondaries 
may  be  related  to  the  length  of  the  ulna  but  this  needs  to  be 
verified. 

ABERRATIONS:  ALBINISM 

Nesbitt  and  Barber  (1979)  and  Nesbitt  and  Fisher  (1984) 
reported  on  a “non-eumelanic  schizochromatic”  (J.P.  Hail- 


man  terminology)  Brown  Pelican:  a pale  white  bird  living  on 
the  east  coast  of  Florida  which  behaved  “normally”  and 
probably  lived  for  at  least  4 years  in  the  same  region.  We 
know  of  four  other  Brown  Pelicans  with  white  feathers:  (1) 
a nestling  in  the  Tarpon  Key  colony  of  Tampa  Bay,  1980, 
with  white  P 3;  (2)  an  adult  female  found  by  P.A.M.  Stewart 
in  Bradenton,  Florida,  in  May  1973,  with  P 10  all  white, 
apparently  the  result  of  damage  to  the  wing  (LACM  specimen 
862 1 7);  (3)  a leucistic  adult  seen  by  D.W.A.  on  a nest  on  Isla 
San  Lorenzo  Norte,  Gulf  of  California,  Mexico,  1973;  and 
(4)  a leucistic  bird  reported  by  M.  Harms  in  San  Luis  Obispo 
County,  California,  1978  (Harms,  unpubl.  data).  We  have 
looked  at  over  1 00,000  other  adults  and  juvenals  and  noticed 
no  other  while  feathers  or  other  color  aberrations.  We  con- 
clude that  such  conditions  are  very  rare  in  this  species. 

The  presence  of  an  aftershaft  has  not  been  previously  noted 
in  a pelecaniform.  Aftershafts  occur  in  many  groups  (Van 
Tyne  and  Berger,  1976)  and,  since  thought  to  be  non-adaptive 
and  primitive,  they  are  useful  to  taxonomic  decisions.  An 
aftershaft  is  “never  found  on  the  rectrices  or  larger  remiges 
but  commonly  occurs  on  all  of  the  other  contour  feathers  of 
any  bird  that  has  the  structure  at  all”  (Van  Tyne  and  Berger, 
1976,  p.  125).  We  found  one  example  of  an  aftershaft  on  P 
4 (Fig.  32)  of  an  adult  male  Brown  Pelican  from  Santa  Bar- 
bara County,  California  (Schreiber  field  number  496).  This 
aftershaft  is  almost  as  long  as  the  main  rachis  but  its  vanes 
are  poorly  developed.  It  arises  from  the  upper  umbilicus  and, 
most  strikingly,  the  barbs  of  the  proximal  vane  of  the  main 
shaft  grow  into  the  aftershaft  rachis  for  about  1 cm  of  its 
length.  This  feather  is  in  very  worn  condition,  especially 
along  the  posterior  vane  where  the  aftershaft  appears  to  have 
rubbed.  Clearly,  this  is  an  unusual  embryological  anomaly 
in  this  individual. 

CAPTIVES  AND  AGING  INDIVIDUALS 

We  have  examined  a number  of  both  short-term  and  long- 
term captive  pelicans  on  an  irregular  basis.  The  unusual  molt 
patterns,  timing  of  molt,  and  different  look  of  captive  birds 
may  be  related  to  their  having  an  unlimited  food  supply,  or 
to  the  trauma  or  starvation  that  resulted  in  their  coming  into 
captivity.  A careful  study  of  molt  in  captives  along  with 
details  on  their  energy  intake  will  be  very  useful  in  explaining 
plumages  and  molts  in  the  wild,  though  injuries  and  differ- 
ences in  the  availability  of  food  must  be  taken  into  account. 

COMMENTS  ON  ILLUSTRATIONS 
OF  BROWN  PELICANS 

Many  artists  have  illustrated  Brown  Pelicans.  While  consid- 
erable artistic  license  is  involved  in  some  drawings,  we  be- 
lieve it  worthwhile  to  briefly  comment  on  the  colors  and 
plumages  of  some  bird  guidebook  illustrations  of  Brown  Pel- 
icans. We  avoid  extensive  comments  on  the  accuracy  of  the 
shapes  of  the  birds.  Basically,  artists  tend  to  draw  composite 
plumages,  selecting  their  desired  plumage  colors  from  the 
various  adult  plumages. 

The  most  accurate  drawings  of  pelicans  that  we  have  found 
are  those  by  John  James  Audubon  in  the  hand-colored  en- 
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Figure  32.  P 4 of  an  adult  Brown  Pelican  showing  the  aberrant  aftershaft.  The  barbs  from  the  main  rachis  in  the  area  of  the  arrows  grow 
into  the  aftershaft  rachis.  (Illustration  approximately  full  size.) 


gravings  of  the  Elephant  Folio  of  1827-1838  and  later  re- 
production editions.  While  the  perspective  is  questionable, 
the  colors  of  the  adult  (plate  251)  show  a bird  in  the  early 
incubation  stage  of  nesting,  and  the  juvenal  (plate  421)  is  a 
typical  bird  less  than  1 year  old. 

Roger  T.  Peterson  portrays  the  annual  cycle  of  adult  Brown 
Pelicans.  In  A Field  Guide  to  the  Birds  East  of  the  Rockies 
(Peterson,  1980)  and  the  somewhat  color-shifted  reproduc- 
tion in  National  Wildlife  Magazine  { August-September  1980, 
18:38)  seasonal  changes  in  neck  color  from  white  to  black 
are  shown.  However,  the  head  color  of  all  four  adults  does 
not  vary,  nor  does  the  iris,  eye  ring,  or  bill;  and  no  mention 
is  made  of  the  wear  of  the  back  and  shoulder  feathers  from 
gray  to  brown.  Thus,  these  different  illustrations  are  not  use- 
ful in  identifying  the  various  plumages  of  adult  Brown  Pel- 
icans. The  immature  bird  is  too  orange  in  color,  the  place- 
ment of  the  eye  is  too  high  in  the  eye  ring,  and  the  bill  has 
too  much  orange  for  a bird  less  than  1 year  old.  Birds  in  the 
field  never  have  white  necks  with  pale  yellow  only  on  the 
forehead.  The  two  brown-necked  birds  are  in  the  same  plum- 
age. 

The  illustration  by  Arthur  Singer  in  Birds  of  North  America 
(Robbins  et  al.,  1966  and  1 983),  while  showing  the  neck  color 
changes  of  adults  on  the  seasonal  cycle,  fails  to  show  the  bill 
color  differences  that  occur;  the  placement  of  the  yellow  on 
both  heads  is  incorrect;  and  the  eye  and  eye  ring  colors  are 
shown  as  invarying,  although  they  change  seasonally.  The 
immature  is  in  an  accurate  plumage  for  a bird  less  than  1 
year  old. 

The  Robert  Mengel  illustration  of  two  adults  in  the  Eland- 
book  of  North  American  Birds  (Palmer,  1962,  p.  92)  is  ba- 
sically accurate  although  the  bills  do  not  change  color  as  they 


should  and  the  yellow  breast  vee  of  one  bird  is  missing.  The 
caption  to  this  illustration  is  incorrect.  The  bird  on  the  left 
is  a typical  bird  “At  the  onset  of  breeding  season”  but  the 
bird  on  the  right  is  not  “same  bird  after  molt  of  at  least 
considerable  head  feathering  during  incubation.”  In  fact,  both 
birds  have  the  same  yellow  head  and  the  bird  on  the  right  is 
in  a plumage  worn  a few  weeks  prior  to  that  of  the  bird  on 
the  left,  not  after.  It  is  the  neck  that  molts  first,  usually  just 
prior  to  onset  of  breeding.  The  head  feathers  usually  are 
molted  after  incubation  begins. 

The  National  Geographic  Society’s  Field  Guide  to  the  Birds 
of  North  America  (1983,  p.  41 ) shows  an  adult  listed  as  “chick- 
feeding”; this  bird  has  no  speckles  in  the  head  and  the  neck 
should  be  lighter  than  the  “breeding  adult.”  Neither  of  these 
birds  shows  sufficient  orange  in  the  bill  (as  is  illustrated  for 
the  “non-breeding”  adult),  and  the  “chick-feeding”  bird 
should  have  the  yellow  proximal  spot  on  the  lower  mandible. 
The  eye  ring  and  iris  colors  are  correct  in  these  three  birds. 
The  flying  individual  called  “1st  year”  is  most  likely  a 3- 
year-old  bird,  while  the  juvenal  is  an  individual  14—18  months 
old.  The  diving  birds  show  a distinct  underwing-stripe  that 
is  quite  unusual  in  adult  plumages  of  North  American  birds 
(see  Schreiber  et  al.,  1975,  fig.  1). 

Photographs  probably  best  illustrate  the  plumages  and  soft 
parts  of  Brown  Pelicans,  and  reference  should  be  made  to 
the  accurate  color  reproductions  of  F.K.  Truslow  in  Audubon 
(September  1969,  71:10-17),  C.  Singletary  in  Audubon  (No- 
vember 1974,  76:2-17),  and  W.R.  Curtsinger  and  R.W. 
Schreiber  in  National  Geographic  Magazine  (January  1975, 
147:110-123).  The  Audubon  Society  Field  Guide  to  North 
American  Birds— Eastern  Region  (Bull  and  Farrand,  1977) 
shows  a photograph  on  page  176  of  an  adult  Brown  Pelican 
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in  the  most  highly  developed  colors— bright  pink  eye  ring, 
light  eye,  orange  bill,  yellow  head,  and  dark  neck,  worn  just 
as  courtship  begins— but  on  page  360  the  description  says 
“head  whitish  in  adults,  dark  brown  in  young”  as  the  only 
comment  on  plumage  in  the  text,  not  a satisfactory  discus- 
sion. The  western  region  guide  (Udvardy,  1977)  shows  on 
page  155  an  adult  with  the  white  head,  light  eye,  pale  pink 
eye  ring,  and  yellow-based  bill  of  a mid-to-late  incubating 
stage  adult.  On  page  399  the  description  says  “Adults  grayish- 
brown  with  white  heads;  immature  dark-headed,  pale  be- 
low,” and  in  a later  sentence,  “Breeding  birds  have  dark 
chestnut  hindneck  extending  to  crested  nape.”  While  a some- 
what fuller  description,  this  and  the  eastern  guide  are  clearly 
incomplete  and  inadequate  in  describing  the  plumages  of 
Brown  Pelicans.  The  Audubon  Society  Master  Guide  to  Bird- 
ing  (Farrand,  1983)  presents  photographs  of  an  adult  with 
full  yellow  head  whose  eye  ring  has  faded  during  the  court- 
ship stage,  and  a juvenal  10-12  months  old.  The  text  on  page 
90  by  Paul  W.  Sykes,  Jr.  fails  to  mention  the  yellow  head 
but  does  note  the  dark  neck.  We  have  never  seen  a gray  bill 
on  an  adult  as  noted  in  the  text,  and  black  is  not  an  accurate 
description  of  the  pouch  color.  This  description  should  be 
completely  rewritten  in  the  next  edition  to  correspond  with 
the  good  photographs. 

In  short  then,  no  presently  available  field  guide  can  ac- 
curately be  used  to  identify  the  age  classes  and  plumages  of 
the  Brown  Pelican  as  they  exist. 

CONCLUSIONS  AND 
ADDITIONAL  QUESTIONS 

We  believe  the  value  of  the  descriptions  of  plumage  char- 
acteristics given  here  lies  in  allowing  reasonably  accurate  age- 
classing  of  birds  in  the  field,  thus  aiding  the  study  of  various 
aspects  of  behavior  (age-related  interactions)  and  population 
biology  (Schreiber  and  Schreiber,  1983,  and  others). 

Many  questions  remain:  1)  How  much  energy  is  required 
for  molt  in  Brown  Pelicans  and  how  does  the  allocation  of 
energy/nutrients  to  breeding  and  molting  regulate  the  annual 
cycle  in  the  species?  2)  What  are  the  effects  of  day  length, 
temperature,  and  food  supply  on  the  molt  cycle?  3)  How  do 
molt  and  timing  of  molt  vary  among  regions?  4)  How  much 
do  worn  and  missing  feathers  affect  flight  abilities  and  tem- 
perature regulation?  5)  What  is  the  interaction  between  cir- 
culating hormones,  blood  chemistry,  nutrition,  and  molt  pat- 
terns? and  6)  Why  do  juvenals  show  a different  primary 
feather  molt  pattern  than  do  adults? 

We  hope  these  descriptions  of  the  molt  cycles  and  plumage 
characteristics  of  the  Brown  Pelican  will  stimulate  others  to 
undertake  more  detailed  studies.  A combination  of  both  field 
and  laboratory  investigations  involving  frequently  sampled 
individual  birds  is  needed  to  help  elucidate  the  ecological 
and  evolutionary  relationships  of  plumage  and  molt  in  the 
biology  of  this  fascinating  species.  We  believe  that  it  is  pos- 
sible to  study  many  of  these  changes  and  variations  in  captive 
birds. 
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A NEW  ENALIARCTINE  PINNIPED  FROM  THE  ASTORIA  FORMATION,  OREGON, 
AND  A CLASSIFICATION  OF  THE  OTARIIDAE 
(MAMMALIA:  CARNIVORA) 

Lawrence  G.  Barnes1 


ABSTRACT.  The  eastern  North  Pacific  fossil  pinniped  genus  En- 
aliarctos  Mitchell  and  Tedford,  1973  (subfamily  Enaliarctinae),  in- 
cludes the  oldest  and  most  primitive  fossil  species  yet  recognized  in 
the  family  Otariidae.  Pteronarctos  goedertae,  new  genus  and  species, 
at  nearly  19  m.y.a.,  is  now  the  geologically  youngest  known  species 
in  the  subfamily,  is  closely  related  to  Enaliarctos,  and  is  known  only 
by  one  fossil  skull  from  the  basal  part  of  a late  Early  Miocene  to 
early  Middle  Miocene  age  sequence  of  strata  referred  to  the  Astoria 
Formation  in  coastal  Oregon.  Enaliarctos  rnealsi  Mitchell  and  Ted- 
ford, 1973,  and  E.  mite  belli  Barnes,  1979,  both  known  by  skulls, 
are  latest  Oligocene  to  Early  Miocene  ( circa  24-25  m.y.a.)  in  age 
and  from  the  Jewett  Sand  in  California.  Pteronarctos  goedertae  has 
more  derived  characters  than  either  species  of  Enaliarctos  and  also 
has  some  primitive  characters.  Because  of  this,  neither  species  of 
Enaliarctos  could  have  been  ancestral  to  P.  goedertae,  and  the  group 
must  have  achieved  diversity  even  prior  to  the  Miocene.  The  third 
genus  in  the  subfamily,  Pinnarctidion  Barnes,  1979,  is  more  distantly 
related  to  Enaliarctos  and  Pteronarctos  than  those  two  genera  are 
to  one  another. 

Pteronarctos  goedertae  has  a suite  of  characters  also  present  in  the 
later  true  sea  lions  and  fur  seals  (subfamily  Otariinae)  and,  more 
specifically,  many  of  its  characters  either  are  present  in,  or  could 
have  been  evolved  into,  the  characters  of  the  primitive  fur  seals  of 
the  fossil  genus  Pithanotaria  Kellogg,  1925,  and  of  the  living  genus 
Arctocephalus  Geoffroy  Saint-Hilaire  and  Cuvier,  1826.  A revised 
classification  of  the  family  Otariidae,  sensu  lato,  is  presented  to 
include  Pteronarctos  goedertae  and  other  taxa  described  since  the 
1977  review  by  Repenning  and  Tedford.  Taxonomic  changes  are 
proposed. 

INTRODUCTION 

Discoveries  of  important  new  fossils  of  sea  lions,  fur  seals, 
walruses,  and  their  diverse  extinct  relatives  have  precipitated 
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since  about  1960  a series  of  research  publications.  This  pres- 
ent paper  is  based  on  one  such  important  new  fossil,  here 
named  Pteronarctos  goedertae,  new  genus  and  species,  which 
was  discovered  in  a coastal  sea  cliff  in  Oregon. 

First,  it  is  important  to  note  that  my  use  of  the  carnivore 
family  Otariidae  is  in  the  broad  sense  (Mitchell,  1968,  1975; 
Barnes,  1972,  1979;  also  Barnes  et  al.,  1 98 5 :table  1)  and 
includes  sea  lions,  fur  seals,  walruses,  and  their  extinct  rel- 
atives. This  broadly  drawn  family  is  equivalent  to  the  su- 
perfamily Otarioidea  as  used  by  Tedford  (1976),  Repenning 
(1976),  Repenning  and  Tedford  (1977),  de  Muizon  (1978), 
and  King  (1983a). 

The  wholly  extinct  pinniped  subfamily  Enaliarctinae  con- 
tains the  earliest  and  most  primitive  known  species  in  the 
Otariidae.  When  Enaliarctos  mealsi  Mitchell  and  Tedford, 
1973,  was  described,  the  original  authors  interpreted  it  as 
being  a very  primitive  otariid  that  had  some  similarities  with 
the  fur  seals.  Subsequent  authors  (Repenning  and  Tedford, 
1977;  Barnes,  1979)  have  been  more  specific  in  suggesting 
that  it  could  actually  have  been  ancestral  to  modern  fur  seals 
and  sea  lions  of  the  subfamily  Otariinae.  I have  described  a 
geologically  slightly  younger,  more  derived,  and  somewhat 
aberrant  Early  Miocene  species  of  Enaliarctos  Mitchell  and 
Tedford,  1973,  E.  mitchelli  Barnes,  1979,  which  was  con- 
temporaneous with  another,  very  different  type  of  enaliarc- 
tine  otariid,  Pinnarctidion  bishopi  Barnes,  1979.  All  three  of 
these  species  of  enaliarctines  were  based  on  fossil  skulls  from 
the  latest  Oligocene  to  Early  Miocene  age  Pyramid  Hill  Sand 
Member  of  the  Jewett  Sand  in  California’s  San  Joaquin  Val- 
ley. The  oldest  and  most  primitive  known  enaliarctine  re- 
mains Enaliarctos  mealsi.  Enaliarctos  mitchelli,  which  is  from 
a stratigraphically  higher  level,  has  morphology  that  could 
have  been  derived  from  that  of  E.  mealsi.  Pinnarctidion  bish- 
opi, with  a somewhat  different  suite  of  derived  characters, 
could  only  have  shared  common  ancestry  with  Enaliarctos 
prior  to  the  Miocene.  In  the  same  paper  (Barnes,  1979)  I 
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showed  that  the  more  derived  subfamilies  of  Otariidae  must 
have  had  even  earlier  origins  than  had  been  previously  sug- 
gested. 

The  pinniped  species  that  has  generally  been  accepted  as 
the  earliest  representative  of  the  derived  subfamily  Otariinae 
(including  extant  fur  seals,  sea  lions,  etc.)  is  the  Late  Miocene 
fur  seal-like  animal  Pithanotaria  starri  Kellogg,  1925  (see 
Repenning  and  Tedford,  1977),  which  is  also  known  from 
California.  The  species  has  some  derived  characters  that  ex- 
clude it  from  consideration  as  a direct  ancestor  of  later  fur 
seals  and  sea  lions,  but  it  clearly  is  related  to  them  and  has 
a bearing  on  their  origins  (Repenning  and  Tedford,  1977; 
King,  1983a:  132). 

There  has  been  a hiatus  of  nearly  14  million  years  in  the 
known  fossil  record  between  this  species  and  any  named 
species  of  Enaliarctos  (see  Repenning  and  Tedford,  1977:fig. 
6;  Barnes,  1979:fig.  22;  Barnes  et  ah,  1 98 5:fig.  6);  however, 
this  is  the  time  during  which  the  early  Otariinae  obviously 
must  have  evolved  (Repenning  and  Tedford,  1977;  King, 
1983a:132). 

Now,  within  late  Early  Miocene  age  rocks  referred  to  the 
Astoria  Formation  on  the  coast  of  Oregon,  a relatively  late 
occurrence  of  a previously  undescribed  species  of  enaliarctine 
has  been  discovered,  which  helps  fill  the  void  in  our  infor- 
mation. While  this  animal  shares  many  primitive  features 
with  the  earliest  Miocene  species  of  Enaliarctos,  it  also  has 
some  derived  characters  that  cause  it  to  resemble  the  Recent 
fur  seals  of  the  genus  Arctocephalus  Geoffrey  Saint-Hilaire 
and  Cuvier,  1826,  animals  which  are  among  the  most  prim- 
itive of  the  living  Otariinae. 

Only  one  other  species  of  fossil  pinniped,  Desmatophoca 
oregonensis  Condon,  1906,  has  been  named  previously  from 
the  same  suite  of  rocks  referred  to  as  the  Astoria  Formation 
on  the  Oregon  coast.  Desmatophoca  oregonensis  is  very  dis- 
tinct from  enaliarctines,  and  it  has  been  classified  in  a sep- 
arate, more  derived  otariid  subfamily,  the  Desmatophocinae 
(see  Mitchell,  1968,  1975;  Mitchell  and  Tedford,  1973;  Re- 
penning and  Tedford,  1977;  Barnes,  1979,  1987).  The  type 
specimen  of  that  species,  the  holotype  of  the  baleen  whale 
Cophocetus  oregonensis  Packard  and  Kellogg,  1934,  and  an 
important  skull  of  Desmostylus  hesperus  were  found  farther 
north  along  the  Oregon  coast  and  higher  stratigraphically  in 
the  same  formation  than  the  holotype  of  the  new  species  of 
enaliarctine  that  is  described  here  (Packard  and  Kellogg,  1934; 
Moore,  1963:89,  pi.  3 [see  geologic  sections  C and  D];  Ray, 
1976;  Repenning  and  Tedford,  1977). 

The  purpose  of  the  present  paper  is  to  describe  the  mor- 
phology and  systematic  position  of  the  new  enaliarctine  from 
Oregon,  to  offer  comments  on  the  relationships  of  the  fossil 
otariid  species  that  have  been  described  since  Repenning  and 
Tedford’s  (1977)  review,  and  to  propose  a revised  classifi- 
cation of  otariid  pinnipeds. 

METHODS  AND  MATERIALS 

The  anatomical  terminology  used  here  is  adapted  from  that  of  How- 
ell (1928),  Miller  et  al.  (1964),  Mitchell  (1966,  1968),  Hershkovitz 


(1971),  Mitchell  and  Tedford  (1973),  Barnes  (1972,  1979),  and  Re- 
penning and  Tedford  (1977).  I have  indicated  which  skull  measure- 
ments in  Table  1 are  the  same  as  those  that  were  defined  by  Sivertsen 
(1954:1 8-20)  by  following  them  with  the  numbers  given  to  them  by 
Sivertsen.  Other  measurements  are  as  defined  by  Bames  (1972:fig. 

1,  1979:4-5).  A complete  synonymy  of  the  subfamily  Enaliarctinae 
is  given  here,  and  an  emended  diagnosis  of  the  latter  and  a synonymy 
of  the  family  Otariidae  have  been  given  by  Bames  (1979).  Ages  of 
fossil  pinnipeds  cited  herein  are  modified  from  those  given  by  Re- 
penning and  Tedford  (1977)  and  Bames  (1979)  following  the  revised 
radiometric  scale  of  Dalrymple  (1979)  and  the  correlations  proposed 
by  Armentrout  (1981).  Comprehensive  reviews  of  the  living  species 
of  Otariidae  have  been  prepared  by  Scheffer  (1958),  King  (1964, 
1983a),  and  Ridgway  and  Harrison  (1981).  The  latter  reference  is 
the  authority  I selected  for  systematics  of  Recent  species.  In  cases 
where  a family-group  name  is  not  used  at  the  same  rank  and/or  in 
the  same  context  as  originally  proposed,  the  original  author  is  shown 
in  parentheses.  Millions  of  years  ago  is  abbreviated  as  m.y.a.  The 
acronym  LACM  is  for  the  Natural  History  Museum  of  Los  Angeles 
County,  Los  Angeles,  California;  UCMP  is  for  the  University  of 
California  Museum  of  Paleontology,  Berkeley,  California. 

The  holotype  skull  is  crushed  by  a few  millimeters  dorsoventrally, 
and  the  right  side  of  the  skull  has  been  moved  posteriorly  relative 
to  the  left.  The  restorations  (Figs.  2,  3b,  4b,  6)  compensate  for  this. 
The  matrix  filling  the  external  narial  opening  that  is  visible  in  Figure 
1 was  subsequently  removed  to  show  the  structures  visible  in  Figure 

2.  Anatomical  abbreviations  used  in  the  illustrations  are  as  follows: 


ac— alisphenoid  canal 

Bo  — basioccipital 

Bs  — basisphenoid 

cc— carotid  canal 

earn  — external  acoustic  meatus 

fh  — hypoglossal  foramen 

fi  — incisive  foramen 

fio— infraorbital  foramen 

fl  — lacrimal  foramen 

11a  — anterior  lacerate  foramen 

Up  — posterior  lacerate  foramen 

fo  — foramen  ovale 

fop— optic  foramen 

fpal  — palatine  foramen 

fpg— postglenoid  foramen 

Fr— frontal 

fs— sphenopalatine  foramen 
fsm  — stylomastoid  foramen 
g— glenoid  fossa 

hf—  tymphanohyal  pit  (=  hyoid  fossa) 
Ju— jugal 

mp— mastoid  process 

Mx  — maxilla 

Na— nasal 

Oc— occipital 

occ— occipital  condyle 

Pa  — parietal 

Pal  — palatine 

Pmx  — premaxilla 

Ps— presphenoid 

Pt  — pterygoid 

pp— paroccipital  process 

Sq  — squamosal 

tb— tympanic  bulla 
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SYSTEMATICS 

Class  Mammalia  Linnaeus,  1758 

Order  Carnivora  Bowdich,  1821 

Infraorder  Arctoidea  Flower,  1869 

Parvorder  Ursida  Tedford,  1976 

Family  Otariidae  Gill,  1866 

INCLUDED  SUBFAMILIES.  Enaliarctinae  Mitchell  and 
Tedford,  1 973;  Otariinae  (Gill,  1866);  Desmatophocinae(Hay, 
1930);  Allodesminae  (Kellogg,  1931);  Imagotariinae  Mitch- 
ell, 1968;  Dusignathinae  Mitchell,  1968;  Odobeninae  (Allen, 
1880). 

Subfamily  Enaliarctinae 
Mitchell  and  Tedford,  1973 

Enaliarctinae  Mitchell  and  Tedford,  1973:218;  Mitchell,  1975: 
19,  fig.  1;  Barnes,  1979:8;  Barnes  et  al.,  1985:table  1. 
“Common  Ancestral  Group.”  Repenning,  1975:29,  fig.  11. 
Enaliarctidae.  Tedford,  1976:367  (caption  for  fig.  2),  372 
(table  1);  Repenning,  1976:376;  Repenning  and  Tedford, 
1977:1  1;  King,  1983a:fig.  3.1;  non  Takeyama  and  Ozawa, 
1984:36;  Dubrovo,  1981. 

Enaliarchtidae.  Arnason,  1977:241,  typographical  error. 

TYPE  GENUS.  Enaliarctos  Mitchell  and  Tedford,  1973. 
INCLUDED  GENERA.  Enaliarctos  Mitchell  and  Ted- 
ford, 1973;  Pteronarctos,  new  genus;  and  Pinnarctidion  Barnes, 
1979. 

Pteronarctos,  new  genus 

DIAGNOSIS  OF  GENUS.  A genus  in  the  subfamily  En- 
aliarctinae differing  from  Pinnarctidion  by  having  skull  with 
smaller  antorbital  processes,  anterior  openings  of  optic  fo- 
ramina located  relatively  higher  within  interorbital  septum, 
no  orbital  vacuities  in  interorbital  septum,  palate  narrower 
anteriorly  and  bearing  one  long  palatine  sulcus  on  each  side 
extending  anteriorly  from  largest  posterior  palatine  foramen, 
smaller  pterygoid  process  of  maxilla  ventral  to  orbit,  cheek 
teeth  relatively  larger  and  more  closely  spaced,  protocone 
shelf  of  P4  larger,  anterolabial  comer  of  M1  large,  palatines 
ventral  to  internal  choana  forming  an  elongate  tube  with 
rounded  lateral  edges,  internal  narial  opening  higher  and  nar- 
rower, strut  formed  by  pterygoid  spanning  between  palate 
and  braincase  thick  and  convex  lateral  to  pterygoid  hamulus, 
paroccipital  process  smaller  and  joined  to  mastoid  process 
by  thinner  and  narrower  crest,  and  occipital  condyles  more 
prominent  and  separated  ventrally  by  deeper  intercondylar 
notch;  differing  from  Enaliarctos  by  having  skull  with  more 
nearly  parallel  cheek  tooth  rows,  roots  of  P2-M'  more  closely 
appressed,  P3  with  bilobed  posterior  root,  lesser  camassial 
function  of  P4  and  M,  as  indicated  by  fusion  of  protocone 
root  of  P4  to  posterolateral  root  and  by  shallower  embrasure 


pit  for  M,  on  palate  between  P4  and  M1,  smaller  M1  with 
bilobed  instead  of  trilobed  root,  larger  and  double-rooted 
M2,  larger  supraorbital  process  of  frontal,  narrower  posterior 
part  of  interorbital  area,  no  preglenoid  process  on  lateral  part 
of  glenoid  process,  more  prominent  anterolateral  comer  of 
braincase,  shallower  fossa  on  lateral  side  of  braincase  cor- 
responding to  pseudosylvian  sulcus  of  brain,  narrower  squa- 
mosal fossa  between  braincase  and  zygomatic  arch,  incisive 
foramina  (palatine  fissures)  entering  external  nares  less  ver- 
tically, smaller  orbit,  smaller  external  nares,  and  greater  facial 
angle. 

TYPE  AND  ONLY  INCLUDED  SPECIES.  Pteronarctos 
goedertae,  new  species,  late  Early  Miocene,  Oregon. 

ETYMOLOGY.  Derived  from  Greek;  pteron,  for  fin  (also 
wing  or  feather),  and  arktos,  for  bear  (also  north);  in  reference 
to  the  pectoral  flipper,  which  these  primitive,  aquatic,  bear- 
like carnivores  must  have  had.  The  root  Arctos  is  commonly 
used  in  Otariid  names. 

Pteronarctos  goedertae,  new  species 

Figures  1-6,  7c 

DIAGNOSIS  OF  SPECIES.  As  for  the  genus. 

HOLOTYPE.  LACM  123883,  complete  skull  with  right 
I3  and  both  upper  canines,  collected  by  Gail  H.  Goedert,  18 
April  1981. 

TYPE  LOCALITY.  LACM  5058,  Jumpoff  Joe,  north  end 
of  Nye  Beach,  Newport,  Lincoln  County,  Oregon. 

FORMATION  AND  AGE.  The  holotype  of  Pteronarctos 
goedertae  is  late  Early  Miocene  in  age  and  is  from  the  basal 
part  of  a rock  unit  referred  to  as  the  Astoria  Formation.  The 
name  Astoria  Formation  was  originally  proposed  for  late 
Early  Miocene  rocks  exposed  at  Astoria,  Oregon,  on  the 
south  side  of  the  Columbia  River,  and  the  formation  name 
has  been  subsequently  applied  to  slightly  younger  rocks  from 
late  Early  Miocene  to  early  Middle  Miocene  age  that  were 
deposited  in  the  Newport  embayment  along  the  coast  of  Or- 
egon (Howe,  1926;  Packard  and  Kellogg,  1934;  Ray,  1976: 
fig.  2).  The  geologic  section  at  the  type  locality  of  P.  goedertae 
was  described  by  Schenck  (1928),  Packard  and  Kellogg  (1934: 
4-7),  and  Moore  (1963). 

The  holotype  of  P.  goedertae  was  originally  derived  from 
a horizon  just  above  the  base  of  the  Astoria  Formation,  where 
it  contacts  the  underlying  Nye  Mudstone  (Moore,  1963:94, 
pi.  33  [Section  D]).  The  specimen  was  found  in  a block  of  a 
fine-grained  gray,  glauconitic  sandstone  whose  original  place 
in  the  sea  cliff  was  determined  by  J.L.  Goedert  and  G.H. 
Goedert.  It  came  from  a concretion-bearing  horizon  about 
five  feet  stratigraphically  beneath  the  white,  fine-grained  tuff- 
aceous  shale  that  is  shown  by  Moore  (1963:pl.  33)  in  geologic 
Section  D in  the  lower  part  of  the  Astoria  Formation.  The 
Astoria  Formation  and  its  contained  molluscan  fauna  in  this 
area  were  used  by  Addicott  (1976:102,  104,  fig.  4)  to  char- 
acterize the  Newportian  Molluscan  Stage  (see  Armentrout, 
1981).  This  stage,  correlated  with  the  early  part  of  the  “Tem- 
blor” provisional  provincial  mega-invertebrate  stage,  as 
characterized  by  Addicott  (1972)  on  the  basis  of  California 
fossils,  and  the  Saucesian  foraminiferal  stage  (Addicott,  1976; 
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lateral  view;  for  explanation  of  abbreviations  see  Methods  and  Materials. 
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Figure  4.  Pteronarctos  goedertae,  new  genus  and  species,  holotype  skull,  LACM  123883,  from  LACM  locality  5058;  a,  left  lateral  view;  b,  restoration  of  left 
lateral  view  with  zygomatic  arch  omitted  to  show  structures  within  the  orbit;  for  explanation  of  abbreviations  see  Methods  and  Materials. 
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Figure  5.  Pteronarctos  goedertae.  new  genus  and  species,  holotype  skull,  LACM  123883,  from  LACM  locality  5058,  ventral  view. 


and  see  Moore,  1963:20-21),  has  also  been  correlated  with 
the  Hemingfordian  North  American  Land  Mammal  Age  and 
the  Burdigalian  Stage  of  Europe,  and  this  Oregon  coastal 
section  of  the  Astoria  Formation  therefore  spans  from  ap- 
proximately 15  to  19  m.y.a.  (see  Ray,  1976:fig.  2;  Repenning 
and  Tedford,  1977:table  1;  Armentrout,  1981).  Because  the 
holotype  of  P.  goedertae  was  found  very  close  to  the  base  of 
the  stratotype  of  the  Newportian  Stage,  its  age  is  undoubtedly 
coincident  with  the  old  end  of  all  of  the  above  ages  and  it  is 
probably  close  to  19  million  years  old. 

Moore  (1963:17)  characterized  the  fossil  mollusks  in  the 
Astoria  Formation  as  indicating  an  environment  of  deposi- 
tion in  warm-temperate,  true  marine  conditions  in  shallow 
to  moderate  depths  over  a substrate  of  silty  mud  to  fine  sand. 
These  conditions  are  those  under  which  the  holotype  of  P. 
goedertae  was  fossilized  and  might  have  been  part  of  its  living 
environment. 

ETYMOLOGY.  The  species  is  named  in  honor  of  Mrs. 
Gail  H.  Goedert  of  Gig  Harbor,  Washington,  who  collected 
the  holotype.  Mrs.  Goedert  and  her  husband,  Mr.  James  L. 
Goedert,  have  made  many  important  paleontological  dis- 
coveries in  the  Pacific  Northwest. 

DESCRIPTION  AND  COMPARISONS.  Skulls  of  En- 
aliarctos  mealsi  and  E.  mitehelli  have  been  thoroughly  de- 
scribed, illustrated,  and  compared  (Mitchell  and  Tedford, 
1973;  Repenning  and  Tedford,  1977;  Barnes,  1979).  Between 
the  holotype  (LACM  4321)  and  the  referred  specimen  (LACM 


[CIT]  5303)  of  E.  mealsi,  all  but  the  anterior-most  tip  of  the 
rostrum  is  known,  and  I have  previously  provided  a revised 
cranial  restoration  of  the  species  (Barnes,  1979).  Only  the 
front  half  of  the  skull  of  E.  mitehelli  is  known.  Fortunately, 
the  holotype  of  P.  goedertae  is  the  most  complete  published 
skull  of  any  species  in  the  subfamily  Enaliarctinae,  and  it 
provides  considerable  new  information  about  these  animals. 
It  would  be  unnecessary,  however,  to  duplicate  here  the  de- 
scription of  cranial  anatomy  that  is  identical  in  P.  goedertae 
and  the  previously  described  enaliarctines.  Therefore,  I de- 
scribe the  evidence  from  the  holotype  that  bears  on  its  in- 
dividual sex,  age,  and  depositional  history,  then  some  suites 
of  characters  whereby  it  differs  from  and  resembles  various 
other  taxa,  and  offer  some  interpretations  of  these  characters. 

The  holotype  skull  of  Pteronarctos  goedertae  is  nearly  com- 
plete. The  left  mastoid  and  paroccipital  processes  were  par- 
tially weathered  away  when  the  skull  was  exposed  by  wave 
action.  The  two  canines  remain  in  their  alveoli,  and  the  right 
I3  was  found  loose  in  matrix  adjacent  to  the  palate.  All  the 
other  teeth  have  fallen  out  and  are  missing.  As  with  many 
species  of  otariids,  the  cheek  teeth  have  short  roots,  and  upon 
death  and  decomposition  of  the  animal,  they  readily  fall  out 
of  the  skull.  The  skull  apparently  underwent  preburial  trans- 
port but  suffered  little  or  no  abrasion  prior  to  fossilization. 
When  laboratory  preparation  revealed  all  of  the  critical  struc- 
tures in  the  left  orbit,  it  was  decided  not  to  remove  the  matrix, 
filling  the  right  orbit. 
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Figure  6.  Pteronarctos  goedertae,  new  genus  and  species,  restoration  of  holotype  skull,  LACM  123883,  ventral  view;  for  explanation  of 
abbreviations  see  Methods  and  Materials. 


I conclude  that  the  individual  represented  by  the  holotype 
was  apparently  a young  adult  male  on  the  basis  of  the  fol- 
lowing features:  the  only  cranial  sutures  that  are  obliterated 
are  the  coronal  and  occipito-parietal,  all  the  others  are  closed 
but  not  fused;  the  skull  yields  a suture  age  of  at  least  22  by 
employing  the  methodology  of  Sivertsen  (1954),  thus  placing 
it  in  the  adult  age  class;  the  canines  are  fully  erupted,  but  not 
heavily  worn,  with  only  slight  wear  on  the  apex  of  the  right 
one.  I have  previously  (Barnes,  1979: 16)  suggested  that  species 
of  Enaliarctos  were  sexually  dimorphic,  with  female  speci- 
mens having  canines  that  are  20  to  32  percent  smaller  than 
those  from  males.  The  canines  of  the  holotype  of  P.  goedertae 
are  nearly  equal  in  size  to  those  that  have  been  characterized 
as  the  larger  dimorph  (=  males)  among  canines  identified  as 
Enaliarctos  sp.  from  near  the  type  locality  of  E.  mealsi.  Ad- 
ditionally, the  holotype  skull  of  P.  goedertae  is  larger  than 
the  paratype  skull  of  E.  mitchelli,  which  was  inferred  (Barnes, 
1979)  to  have  been  from  a female.  The  left  P root  of  the 
holotype  of  P.  goedertae  has  a closed  pulp  cavity  at  its  apex, 
a further  indication  that  the  specimen  was  an  adult.  Section- 
ing one  of  the  teeth  might  reveal  growth  layers,  but  the  in- 
formation that  would  be  derivable  at  this  time  from  such  a 
procedure  probably  does  not  justify  destroying  anatomical 
details  of  the  only  known  specimen  of  the  species. 

Pteronarctos  goedertae  shares  with  the  species  of  Enaliarc- 


tos the  following  characters.  The  palatines  extend  posteriorly 
from  the  palate  and,  connecting  with  the  pterygoids,  form  a 
short  tube  that  surrounds  the  ventral  part  of  the  choanae. 
The  posterior  margin  of  the  palate  is  excavated  in  a broad 
U-shape  beneath  the  choanae.  There  is  a squared  pterygoid 
process  at  the  margin  of  the  infraorbital  plate  of  the  maxilla. 
The  lateral  side  of  the  strut  formed  by  the  pterygoid  (spanning 
between  the  side  of  the  palate  and  the  braincase)  is  narrow 
and  convex  rather  than  wide  and  concave  as  in,  for  example, 
Pinnarctidion  bishopi  and  imagotariines.  The  basioccipital 
bone  between  the  ear  regions  is  narrow  anteriorly  and  rela- 
tively wider  posteriorly,  and  encloses  on  either  side  an  in- 
ferior petrosal  venous  sinus.  The  paroccipital  process  is  small, 
posteriorly  directed  and  joined  to  the  mastoid  process  by  a 
thin  crest.  The  optic  foramina  are  joined  in  an  elongate  chias- 
ma  as  they  extend  anteriorly  from  the  braincase  into  the 
interorbital  septum  and  become  separate  only  relatively  far 
anteriorly  within  the  septum.  The  optic  foramina  open  into 
the  orbit  relatively  high  above  the  choanae  rather  than  low, 
at  the  anterior  edge  of  the  braincase  as  various  other  pin- 
nipeds. The  medial  walls  of  the  orbits  bear  no  vacuities  but, 
instead,  consist  of  solid  sheets  of  bone.  The  posterior  lacerate 
foramen  is  relatively  small  for  a pinniped  and  expanded 
slightly  in  an  anteroposterior  direction  rather  than  trans- 
versely as  in  Pinnarctidion  bishopi  and  Allodesmus  spp.  The 
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Table  1.  Measurements  (in  mm)  of  the  holotype  skull  of  Ptero- 
narctos goedertae,  new  genus  and  species.  See  Methods  and  Materials 


section  for  methods  of  measurements. 

Total  length  207.5 

Postpalatal  length  (palatal  notch  to  basion)  93.5 

Basion  to  anterior  edge  of  zygomatic  root  (18)  133.0 

Length  of  tooth  row,  C to  M2  70.5 

Width  of  rostrum  across  canines  (12)  46.0 

Width  of  palate  across  anterior  alveoli  of  PJ  48.5 

Width  between  infraorbital  foramina  54.0 

Width  across  antorbital  processes  (5)  54.5 

Width  across  greatest  interorbital  constriction  (6)  34.0 

Width  across  supraorbital  processes  (7)  34.5 

Width  across  greatest  intertemporal  constriction  22.5 

Width  of  braincase  at  anterior  edge  of  glenoid 
fossa  (8)  68.0 

Zygomatic  width  (17)  119.5 

Auditory  width  (19)  92.5 

Mastoid  width  (20)  (106.0) 

Paroccipital  width  76.0 

Greatest  width  across  occipital  condyles  52.0 

Greatest  width  of  anterior  nares  29.0 

Greatest  height  of  anterior  nares  23.0 

Width  of  zygomatic  root  of  maxilla  (14)  12.0 

Greatest  width  of  foramen  magnum  25.5 

Greatest  height  of  foramen  magnum  16.0 

Transverse  diameter  of  infraorbital  foramen  12.0 


hypoglossal  foramen  is  small  and  located  close  to  and  pos- 
teromedial to  the  posterior  lacerate  foramen;  its  opening  faces 
that  foramen.  The  tympanic  bulla  is  most  inflated  in  its  cen- 
tral part  and  its  surface  is  smooth,  rather  than  being  rugose 
or  penetrated  by  numerous  vascular  foramina  as  in  some 
species  in  the  subfamily  Otariinae.  A small  postglenoid  fo- 
ramen lies  between  the  bulla  and  the  postglenoid  process. 
Ventral  to  the  anterior  end  of  the  carotid  canal,  the  ventral 
margin  of  the  bulla  is  retracted  posteriorly.  A deep  and  nar- 
row intercondylar  notch  separates  the  occipital  condyles  (Figs. 
5,  6),  which  are  closely  spaced  and  protrude  prominently 
from  the  occipital  shield.  Even  though  some  roots  of  some 
of  the  cheek  teeth  have  coalesced,  they  still  reveal  the  num- 
bers and  positions  of  roots  that  were  originally  separate  as 
in  primitive  and  terrestrial  arctoid  fissipeds.  The  medial  lobe 
of  the  bilobed  posterior  root  on  the  P4  of  P.  goedertae  is  a 
vestige  of  the  separate,  medial  (protocone)  root  in  species  of 
Enaliarctos.  The  infraorbital  foramen  is  visible  in  ventral 
view  because  the  root  of  the  zygomatic  process  of  the  maxilla 
does  not  project  beneath  it  anteriorly.  The  orbit  is  relatively 
small  compared  with  more  derived  pinnipeds,  but  it  is  rel- 
atively larger  than  in  terrestrial  carnivores.  The  postorbital 
process  of  the  jugal  is  low  and  triangular  and  projects  dor- 
somedially  into  the  orbit.  The  slender,  pointed  anterior  tip 
of  the  zygomatic  process  of  the  squamosal  terminates  con- 
siderably posterior  to  the  postorbital  process  of  the  jugal. 
The  cheek  portion  of  the  maxilla  swells  outward,  unlike  the 


condition  in  Allodesmus  spp.  and  Pinnarctidion,  in  which 
the  cheek  portion  of  the  maxilla  retreats  dorsomedially  from 
the  lateral  edge  of  the  cheek  tooth  row.  The  manner  in  which 
the  nasals  and  maxillae  meet  the  frontals  is  different  in  the 
various  groups  of  otarioids.  As  in  Enaliarctos  spp.,  the  pos- 
terior ends  of  the  nasals  of  Pteronarctos  goedertae  are  rela- 
tively wide.  They  are  not  narrow  and  tapered  as  in  Allodes- 
minae,  and  they  do  not  diverge  posteriorly  as  in  Otariinae. 
The  frontals  extend  anteriorly  on  either  side  of  the  nasals, 
separating  them  for  a short  distance  from  the  posterior  (or 
frontal)  processes  of  the  maxillae.  There  is  a low,  narrow 
sagittal  crest,  as  is  characteristic  of  male  individuals  of  var- 
ious otariid  species,  extending  from  approximately  the  mid- 
dle of  the  interorbital  region  to  the  nuchal  crest.  Some  of  the 
above  characters  may  also  be  found  in  at  least  some  other 
species  of  fossil  or  living  otariids,  but  they  occur  together 
only  in  the  species  of  Enaliarctos  and  Pteronarctos.  This  fact 
will  have  relevance  to  later  inferences  that  these  two  genera 
undoubtedly  shared  a close  common  ancestry.  Most  of  the 
above  character  states  are  also  primitive  for  the  otariids. 

There  is  also  another  suite  of  characters,  some  primitive 
and  some  derived,  that  is  possessed  by  Pteronarctos  goedertae 
and  which  differentiates  it  from  Enaliarctos  mealsi  and  E. 
mitchelli.  This  suite  of  characters  is  summarized  in  Table  2 
and  includes  the  following.  The  facial  angle  (cf.  Repenning 
et  ah,  1971)  is  greater  (142  degrees)  than  in  either  E.  mealsi 
(approx.  127  degrees)  or  E.  mitchelli  (approx.  130  degrees). 
The  narial  opening  is  not  so  high  as  in  E.  mitchelli,  or  so 
broad  and  low  as  in  E.  mealsi,  and  the  anterior  end  of  each 
nasal  has  a concave  margin.  The  nasolabialis  fossa  is  much 
less  distinct,  and  the  rostrum  is  less  tapered  anteriorly  than 
in  either  E.  mealsi  or  E.  mitchelli.  The  zygomatic  arches  do 
not  curve  upward  so  much  as  in  E.  mealsi,  but  neither  are 
they  as  low  as  those  of  E.  mitchelli.  The  part  of  the  maxilla 
that  joins  the  ventral  part  of  the  zygomatic  arch  is  nearly 
horizontal,  not  inclined  as  in  E.  mealsi,  bears  a shallow  fossa, 
and  its  posterior  border  meets  the  palate  at  a point  opposite 
the  space  between  M‘  and  M2  as  in  E.  mitchelli.  Pteronarctos 
goedertae  differs  further  in  that  the  infraorbital  foramen  is 
more  compressed  dorsoventrally,  and  the  zygomatic  arches 
do  not  flare  so  widely  from  the  skull  but  project  more  prom- 
inently anterolaterally,  forming  a cup  under  each  eye.  The 
supraorbital  processes  are  small  (Figs.  1,  2)  but  are  nonethe- 
less wider  than  in  both  E.  mealsi  and  E.  mitchelli.  The  post- 
orbital region  is  narrower  than  in  E.  mealsi,  and  this  serves 
to  accentuate  the  greater  width  of  the  anterior  part  of  the 
braincase  of  P.  goedertae.  The  external  manifestation  of  the 
pseudosylvian  sulcus  of  the  brain,  as  a prominent  sulcus  on 
the  wall  of  the  braincase  in  E.  mealsi,  is  almost  nonexistent 
in  P.  goedertae.  In  P.  goedertae,  the  nuchal  crests  extend 
farther  posteriorly  and  the  upper  parts  of  the  occipital  con- 
dyles tilt  more  laterally  than  in  E.  mealsi.  The  foramen  mag- 
num is  of  equal  size  on  the  holotypes  of  these  two  species, 
but  in  P.  goedertae  its  opening  is  peaked  dorsally,  whereas 
it  is  rounded  dorsally  in  E.  mealsi.  That  part  of  the  basioc- 
cipital  between  the  hypoglossal  foramen  and  the  condyles  in 
P.  goedertae  is  broader  and  more  convex  than  in  E.  mealsi. 

In  P.  goedertae,  the  premaxillae  join  to  form  a pointed 
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anterior  extremity  with  a smali  knob-like  apical  process  an- 
terior to  the  nares  as  in  derived  species  of  Gtariinae.  The 
upper  cheek  tooth  rows  are  more  nearly  parallel  than  in  both 
E.  rnealsi  and  E.  mitchelli,  but  they  still  retain  a slight  lateral 
curvature  in  the  area  of  P4  and  M1  (Fig.  6).  The  upper  incisor 
alveoli  form  an  arcade,  and  the  medial  two  pair  are  nearly 
equal  in  size,  each  being  approximately  one-half  the  diameter 
of  the  alveolus  for  I3.  A diastema  of  3 mm  separates  the 
alveolus  of  I3  from  that  of  the  canine,  and  the  relative  sizes 
of  both  this  diastema  and  of  the  incisor  alveoli  are  similar 
to  the  condition  in  Recent  species  of  Otariinae.  The  I3  has  a 
slightly  recurved  crown  and  a continuous  cingulum  on  its 
medial,  lateral,  and  posterior  sides.  This  cingulum  is  partly 
obliterated  on  the  lateral  side  of  the  right  I3  by  a large  wear 
facet  that  resulted  from  occlusion  with  the  lower  canine.  On 
the  unworn  medial  side  of  the  crown,  the  cingulum  has  only 
a very  slight  vestige  of  a cuspule.  Such  a cuspule  is  a primitive, 
ursine-like  character  and  is  present  (although  small)  on  re- 
ferred specimens  of  Pithanotaria  starri,  but  absent  in  living 
otariines  (Repenning  and  Tedford,  1977:59).  This  cuspule  is 
present  and  relatively  large  on  specimens  of  the  primitive 
imagotariine,  Neotherium  minim  (specimens  LACM  98147 
and  UCMP  82362).  The  size  of  this  cuspule  in  P.  goedertae, 
the  only  species  of  enaliarctine  for  which  the  I3  is  known,  is 
therefore  intermediate  between  the  most  primitive  and  the 
most  derived  conditions  found  in  the  Otariidae.  The  root  of 
this  tooth  in  P.  goedertae  is  oval  in  cross  section,  the  prim- 
itive condition,  and  in  this  regard  resembles  the  Recent  fur 
seals  more  than  the  sea  lions,  in  which  the  root  is  round  in 
cross  section  (Repenning  et  a!..  1971). 

The  canine  crown  is  slightly  compressed  transversely  and, 
although  the  root  of  the  canine  is  in  a slightly  procumbent 
position,  the  crown  is  oriented  almost  vertical  to  the  palate. 
It  has  a short  crest  on  the  proximal  part  of  its  medial  side 
and  a longer  one  on  the  posterior  side  that  extends  the  length 
of  the  crown.  These  two  crests  are  linked  at  their  proximal 
ends  by  a posterolateral,  horizontal  cingulum  located  near 
the  gum  line  of  the  enamel.  Compared  with  canines  of  En- 
aliarctos  mitchelli  (and  possibly  also  of  E.  mealsi;  see  Barnes, 
1979),  this  tooth  in  P.  goedertae  has  a more  recurved  crown 
and  less  prominent  posterior  and  medial  crests  (derived  con- 
dition). 

Before  discussing  the  cheek  teeth,  it  is  appropriate  to  re- 
view our  understanding  of  cheek  tooth  morphology  and  ho- 
mology in  the  otariids.  Otariid  cheek  teeth  have  been  con- 
servatively termed  merely  as  postcanine  teeth  by  some  authors 
(e.g.,  King,  1964,  1983b;  Spalding,  1966;  Mitchell,  1968).  In 
fact,  Scheffer  (1958:16)  speculated  that  the  ancestors  of  ota- 
riids possibly  never  possessed  camassial  cheek  teeth.  The 
presence  of  six  upper  cheek  teeth,  as  in  the  Enaliarctinae,  is 
demonstrably  the  primitive  condition  for  Otariidae.  In  light 
of  our  present  knowledge  of  the  dentition  of  the  enaliarctines 
(Mitchell  and  Tedford,  1973;  Repenning  and  Tedford,  1977; 
Barnes,  1979),  and  the  fact  that  the  fourth  cheek  tooth  in 
Recent  Otariinae  has  a deciduous  predecessor,  there  is  no 
reason  to  doubt  that  these  six  teeth  are  the  homologs  of  P 1-4 
and  M1-2  of  terrestrial  fissiped  carnivores  (see  Scheffer  and 
Kraus,  1964:297;  Tedford,  1976).  Also,  these  teeth  have  a 


Figure  7.  Comparisons  of  alveoli  for  teeth  and  associated  palatal 
structures  in  five  species  of  primitive  Otariidae;  a,  Enaliarctos  mealsi 
Mitchell  and  Tedford,  1972;  b,  E.  mitchelli  Barnes,  1979;  c,  Ptero- 
narctos  goedertae,  new  genus  and  species;  d,  Pithanotaria  starri  Kel- 
logg, 1925;  c,  Thalassoleon  mexicanus  Repenning  and  Tedford,  1977. 
(a  and  b from  Barnes,  1979;  d and  e from  Repenning  and  Tedford, 
1977.) 

basic  tritubercular  plan  (cf.  Hershkovitz,  1971),  with  a re- 
duced talon  and  protocone,  and  the  major  cusp  is  the  para- 
cone. 

In  the  normal  dentitions  of  the  more  derived  fossil  and 
living  Otariidae,  four,  five,  or  six  upper  cheek  teeth  may  be 
present.  The  exact  number  is  usually  species-specific,  but  in 
some  species  it  varies  between  individuals.  Progressive  evo- 
lutionary loss  of  the  M2  through  time  in  some  lineages  has 
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yielded  the  more  derived  condition  of  five  upper  cheek  teeth, 
and  in  the  case  of  the  living  walrus,  further  loss  of  M1  of  only 
four.  In  the  enaliarctines,  the  most  complex  upper  cheek  teeth 
are  the  P4  and  M1,  and  these  reveal  the  tritubercular  nature 
of  the  otariid  cheek  dentition.  In  comparison  with  all  of  the 
other  species  of  fossil  and  living  Otariidae,  the  morphology 
of  these  two  teeth  in  enaliarctines  is  closest  to  the  primitive 
fissiped  cheek  tooth  morphology  and,  of  these,  the  P4  retains 
essentially  a carnassial  structure.  The  crowns  of  these  teeth 
consist  of  a major  cusp,  which  is  the  paracone,  a smaller  cusp 
posterior  to  this,  which  is  the  metacone,  and  a lingual  shelf, 
which  is,  in  part,  the  protocone.  A trigon  basin  lies  between 
the  paracone  and  the  protocone.  Although  the  P23  of  ena- 
liarctines remained  premolariform,  their  morphologies  are 
basically  of  the  typical  tritubercular  cheek  tooth  plan  whose 
structures  are  homologous  with  those  of  the  P4  and  M1  (e.g., 
see  Barnes,  1 979).  In  the  primitive  carnivore  condition,  there 
is  a separate  root  above  each  of  the  three  main  cusps.  These 
roots  became  coalesced  or  fused  to  varying  degrees  in  derived 
lineages  of  otariid  pinnipeds.  The  roots  are  still  distinct  in 
Enaliarctos  spp.,  but  in  a slightly  more  derived  character 
state  (as  exemplified  by  Pteronarctos  goedertae),  the  medial 
(protocone)  root  of  both  the  P4  and  M1  became  fused  to  the 
posterior  (metacone)  root.  Further  root  coalescence  (fusion) 
through  time  in  various  lineages  yielded  cheek  teeth  in  some 
species  of  otariids  with  only  two  roots,  or,  in  a more  derived 
state,  a single  bilobed  root  on  P2  to  M2,  and  in  the  most 
highly  derived  condition  (homodonty),  these  teeth  Tiave  a 
single  conical  root  which  is  round  in  cross  section.  Also,  in 
the  advanced  stages  of  homodonty,  each  cheek  tooth  crown 
is  comprised  principally  of  a single,  large,  central  cusp,  which 
we  now  know  is  the  paracone  in  the  upper  teeth  and  the 
protoconid  in  the  lowers  (Mitchell  and  Tedford,  1973;  Barnes, 
1979,  1988). 

As  mentioned  above,  all  of  the  cheek  teeth  have  fallen  out 
of  the  holotype  specimen  of  P.  goedertae;  therefore,  the  fol- 
lowing observations  are  based  on  empty  alveoli.  All  of  its 
premolar  and  molar  alveoli  are  larger  than  those  of  E.  mitch- 
elli.  P1  has  a single,  conical  root.  P2  and  P3  each  have  two 
roots,  arranged  anteroposteriorly.  The  posterior  root  of  P3  is 
bilobed,  indicating  that  in  P.  goedertae  the  ancestral,  medial 
(protocone)  root  has  coalesced  with  the  posterolateral  (meta- 
cone) root.  Similarly,  the  P4  has  a transversely  expanded, 
even  more  distinctly  bilobed,  posterior  root.  The  median  lobe 
of  this  root  is  the  former  protocone  root  that  has  coalesced 
with  the  one  above  the  metacone,  and  there  is  a bridge  of 
root  material  joining  them.  In  both  E.  mealsi  and  E.  mitchelli 
the  protocone  root  of  P4  is  still  completely  separate.  In  all 
three  species,  the  anterior  root  of  P4  (the  one  above  the  para- 
cone) remains  separate  (Fig.  7a-c).  The  unknown  crown  of 
the  P4  of  P.  goedertae  evidently  retains  a relatively  high  para- 
cone as  the  principal  cusp;  the  metacone  is  evidently  very 
reduced,  the  protocone  reduced  to  only  a small  cingulum  or 
shelf  at  the  posterolingual  comer  of  the  tooth  and  probably 
only  a little  larger  than  the  comparable  cusp  on  the  P3  of  E. 
mealsi. 

The  progressive  posterolateral  migration  of  the  medial 
(protocone)  root  of  P4  and  its  ultimate  fusion  with  the  pos- 


terior (metacone)  root  in  the  chronological  sequence  of  the 
three  known  species  within  the  genera  Enaliarctos  and  Ptero- 
narctos serves  to  partially  demonstrate  the  manner  whereby 
the  upper  carnassial  tooth,  inherited  from  fissiped  carnivores 
via  the  primitive  enaliarctine  pinnipeds,  became  premolar- 
iform as  the  cheek  tooth  row  approached  homodonty  in  de- 
rived otariids.  However,  in  Enaliarctos  the  actual  morphol- 
ogy of  the  P4  crown  is  known  only  for  E.  mealsi,  in  which 
the  crown  in  occlusal  view  is  an  asymmetrical  triangle  with 
the  protocone  reduced  and  the  root  above  it  positioned  pos- 
teromedial to  the  large  paracone  and  its  root.  The  small 
metacone  and  its  root  are  separate  from  these,  lying  more 
posterolaterally,  and  forming  a drawn  out  posterior  part  of 
the  tooth  (Mitchell  and  Tedford,  1973:figs.  5a,  10,  15,  17c; 
Barnes,  1979:fig.  20a;  this  paper.  Fig.  7a).  In  E.  mitchelli  the 
root  above  the  metacone  is  closer  to  the  root  above  the  para- 
cone, having  moved  anteromedially  so  that  the  three  roots, 
and  presumably  also  the  crown,  form  a nearly  equilateral 
triangle  (Barnes,  1979:figs.  4,  5,  20b;  this  paper.  Fig.  7b).  The 
crown  of  the  P4  of  E.  mitchelli  evidently  has  a more  reduced 
protocone  and  metacone  and  a higher,  triangular  paracone. 
The  anterior  displacement  of  the  root  above  the  metacone 
and  the  attendant  reduction  of  the  posterior  part  of  the  P4 
created  a diastema  between  P4  and  M1.  There  are  also  dia- 
stemata  between  the  other  cheek  teeth  of  E.  mitchelli,  and 
these  are  also  characteristic  of  some  of  the  other,  more  de- 
rived species  of  otariids. 

The  M1  of  Pteronarctos  goedertae  has  two  distinct  roots 
that  are  more  nearly  equal  in  size  and  are  aligned  more  par- 
allel to  the  sagittal  plane  than  in  either  E.  mealsi  or  E.  mitch- 
elli. The  posterior  root  of  this  tooth,  actually  two  fused  roots, 
is  only  faintly  bilobed  and  nearly  twice  the  diameter  of  the 
anterior  one.  In  E.  mealsi  and  E.  mitchelli,  the  posterior 
(fused)  root  of  M1  lies  posteromedial  to  the  anterior  root  and 
is  distinctly  bilobed.  In  all  three  species,  the  medial  lobe  of 
the  posterior  root  of  M1  is  the  relict  of  the  root  that  was 
previously  above  the  protocone. 

An  isolated  tooth  from  California  gives  some  indication 
of  what  the  M1  of  P.  goedertae  probably  is  like.  This  tooth 
(LACM  12651  1,  Fig.  8b)  is  from  the  basal  part  of  the  Round 
Mountain  Silt,  a part  of  this  rock  unit  that  has  been  correlated 
with  the  Hemingfordian  North  American  Land  Mammal  Age 
by  Savage  and  Barnes  (1972),  is  stratigraphically  below  the 
richly  fossiliferous,  Barstovian  correlative  upper  part  of  the 
formation,  and  is  approximately  contemporaneous  with  the 
part  of  the  Astoria  Formation  that  yielded  the  holotype  of 
P.  goedertae.  The  M1  from  California  has  the  correct  root 
morphology  to  be  accommodated  by  the  M1  alveoli  on  the 
holotype:  the  anterior  root  is  separate  and  tapered  apically, 
and  the  posterior  two  roots  are  fused  into  one  slightly  larger, 
bilobed  root.  Characters  that  this  tooth  shares  with  the  M1 
of  the  holotype  of  E.  mealsi  are  a prolonged  anterolabial 
corner,  a low  and  elongate  paracone,  a small  and  pyramid- 
shaped metacone,  a notch  in  the  labial  margin  between  these 
last  two  cusps,  and  a protocone  represented  by  a broad  shelf. 
It  differs  from  the  holotype  of  E.  mealsi  in  that  the  antero- 
lingual  comer  of  the  tooth  is  less  prominent  and  the  proto- 
cone shelf  is  smaller  and  situated  more  posterolingual  to  the 
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body  of  the  tooth  (Fig.  8).  The  tooth  is  too  small  (crown 
dimensions:  7.9  mm  anteroposteriorly,  5.7  mm  wide)  to  be- 
long to  an  individual  with  a skull  the  size  of  the  holotypes 
of  either  E.  mealsi  or  P.  goedertae,  and  I conclude  that  it  is 
from  a female  individual  of  a species  of  enaliarctine,  possibly 
a species  near  P.  goedertae. 

The  alveolus  for  the  M2  of  P.  goedertae  is  single  but  bi- 
lobed,  obviously  resulting  from  fusion  of  two  roots.  The  size 
of  the  alveolus  indicates  the  tooth  was  larger  than  that  of 
either  E.  mitchelli  or  E.  mealsi,  and  in  this  regard,  P.  goe- 
dertae is  more  like  some  derived  species  of  Otariinae  that 
have  a relatively  large  M2  (Fig.  7e). 

A prominent  pair  of  elongate  sulci  (Figs.  5,  6)  are  on  the 
palate  of  P.  goedertae  extending  anteriorly  from  large  pos- 
terior palatine  foramina,  which  are  characteristic  of  both 
Enaliarctos  and  Pteronarctos.  As  in  E.  mealsi,  there  are  some 
smaller  foramina  scattered  posterior  to  these  but,  as  in  E. 
mitchelli,  these  are  fewer  and  much  smaller. 

The  internal  narial  opening,  flanked  by  the  palatines  be- 
neath the  choanae  in  P.  goedertae,  is  proportionately  shorter 
than  in  Enaliarctos  (the  holotypes  of  E.  mealsi  and  P.  goe- 
dertae have  the  same  measurement  from  the  basion  to  the 
palatal  notch  [Table  1]).  This  condition  may  be  correlated 
with  an  anteroposterior  shortening  of  the  mid-section  of  the 
skull  in  P.  goedertae,  or  may  be  simply  a primitive  character. 

Other  proportional  differences  in  the  braincase  differen- 
tiate P.  goedertae  from  E.  mealsi.  In  P.  goedertae  the  width 
across  the  mastoid  and  paroccipital  processes  is  relatively 
greater,  resulting  from  enlargement  and  lateral  expansion  of 
these  processes  as  well  as  from  the  wider  basioccipital  and 
braincase.  The  wider  braincase  results  in  a narrower  squa- 
mosal fossa,  which  lies  between  the  braincase  and  the  zy- 
gomatic arch.  The  mastoid  and  paroccipital  processes  and 
the  ear  region  are  positioned  relatively  farther  anteriorly  on 
the  skull  than  in  E.  mealsi.  This  results  in  a narrower  external 
acoustic  meatus,  beneath  which  the  lateral  edge  of  the  bulla 
is  wrinkled  and  compressed  anteroposteriorly.  The  antero- 
medial comer  of  the  tympanic  bulla  extends  medial  to  the 
glenoid  process  in  P.  goedertae,  farther  anteriorly  than  it 
does  in  E.  mealsi.  This  anterior  position  of  the  bulla  is  prim- 
itive, as  in  various  fissipeds  and  in  primitive  ursids.  The 
more  anterior  position  of  the  enlarged  mastoid  and  paroc- 
cipital processes  in  P.  goedertae  undoubtedly  provided  an 
enhanced  mechanical  advantage  for  enlarged  neck  muscles 
inserting  on  them.  This  certainly  has  an  analog  in  the  derived 
Recent  otariines,  in  which  these  processes  are  large  and  fa- 
cilitate powerful  and  rapid  movement  of  the  head  and  neck 
during  feeding  (e.g.,  Mitchell,  1966:8-9).  The  ventral  ends 
of  the  nuchal  crest  also  sw'eep  noticeably  farther  anteriorly 
as  they  approach  the  paroccipital  processes. 

I have  previously  (Barnes,  1979:9,  26)  called  attention  to 
the  existence  in  Enaliarctos  mealsi  and  Pinnarctidion  hishopi 
of  an  apparent  embayment  in  the  lateral  edge  of  the  basioc- 
cipital for  an  inferior  petrosal  venous  sinus.  Such  sinuses  are 
also  present  in  fossil  Amphicyonidae,  in  which  Hunt  (1974: 
47-48)  has  suggested  was  held  a loop  of  the  median  branch 
of  the  internal  carotid  artery  as  in  Recent  bears.  The  previ- 
ously described  evidence  for  these  embayments  in  enaliarc- 


anterior 


Figure  8.  The  right  M1  in  enaliarctines;  a,  Enaliarctos  mealsi 
Mitchell  and  Tedford,  1973;  b,  enaliarctine,  near  Pteronarctos  goe- 
dertae, new  genus  and  species,  LACM  1 265 1 1,  from  LACM  locality 
3386;  occlusal  views,  not  to  scale.  White  areas  indicate  wear  facets 
on  the  protocone  shelf.  Arrow  indicates  anterior,  (a,  composite  based 
on  holotype,  LACM  4321  from  LACM  locality  1627,  reversed  from 
Mitchell  and  Tedford  [1973:fig.  10],  and  referred  specimen,  UCMP 
8621  1 from  UCMP  locality  V7032  (=  LACM  1626),  from  Bames 
[1979:fig.  2j].) 


tines  is  the  presence  of  matrix-filled  cavities  within  the  ba- 
sioccipital dorsal  to  the  tuberosities  marking  the  insertion  of 
the  paired  rectus  capitis  ventralis  muscles  (Barnes,  1979:26). 
To  determine  whether  or  not  Pteronarctos  goedertae  had  such 
an  embayed  basioccipital,  the  bone  was  cut  open  on  one  side 
of  the  basioccipital,  and  a small  matrix-infused  vacuity  was 
found.  This  recess  is  much  smaller  than  in  Enaliarctos  mealsi 
or  Pinnarctidion  bishopi  and  seems  to  be  a vestige  of  the 
sinus.  It  demonstrates  the  persistence  of  this  primitive  char- 
acter in  all  known  enaliarctines. 

The  area  of  greatest  inflation  of  the  tympanic  bulla  of  E. 
mealsi  is  in  the  medial  part,  but  in  P.  goedertae  it  is  in  the 
anteromedial  part.  The  posterior  lacerate  foramen  of  P.  goe- 
dertae is  smaller  and  more  circular  in  shape  than  in  E.  mealsi. 
The  paired  fossae  on  the  basioccipital  for  insertion  of  the 
rectus  capitis  ventralis  muscles  are  deeper.  The  crest  that  spans 
between  the  mastoid  and  paroccipital  processes  in  E.  mealsi 
is  low  and  rounded,  but  in  P.  goedertae  it  extends  farther 
laterally  and  has  the  form  of  a thin  shelf. 

RELATIONSHIPS 

Pteronarctos  goedertae  is  very  different  from  the  larger  and 
comparatively  more  derived  desmatophocine  otariid  Des- 
matophoca  oregonensis,  the  only  other  fossil  pinniped  to  have 
been  described  from  the  Astoria  Formation  in  coastal  Ore- 
gon. It  is  also  demonstrably  different  from  the  other  known 
species  in  the  subfamily  Enaliarctinae  and  can  be  differen- 
tiated from  all  other  named  small  Miocene  otariids.  Only 
the  chronologically  more  recent  Middle  Miocene  species 
Neotherium  mi  rum  Kellogg,  1 93 1 , is  not  known  by  published 
comparable  cranial  material.  This  small  otariid,  confidently 
known  only  from  the  Sharktooth  Hill  Bonebed  in  California 
(Mitchell,  1961;  Mitchell  and  Tedford,  1973;  Repenning  and 
Tedford,  1 977),  is  a primitive  member  of  another  subfamily, 
the  Imagotariinae  (synonymized  and  included  within  the  Du- 
signathinae  by  Repenning  and  Tedford  [1977:54-55]).  Orig- 
inally named  on  the  basis  of  foot  bones,  additional,  and  as 
yet  unpublished,  topotypic  material  of  N.  mirum  now  in- 
cludes many  postcranial  bones  and  skull  parts.  Presently  un- 
der study  by  the  author,  these  demonstrate  that  N.  mirum  is 
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Table  2.  Differences  between  Enaliarctos  mealsi  Mitchell  and  Tedford,  1973,  E.  mitchelli  Barnes,  1979,  and  Pteronarctos  goedertae,  new  genus 
and  species. 


Enaliarctos  mealsi  Enaliarctos  mitchelli  Pteronarctos  goedertae 


1 . Four  posterior  palatine  foramina  on  each  side 
of  palate,  palatine  sulcus  present. 

2.  Ventral  surface  of  zygomatic  arch  beneath  in- 
fraorbital foramen  is  inclined  anterodorsally 
and  lacks  fossa. 

3.  External  narial  opening  wide  and  very  low, 
nearly  oval  in  anterior  view. 

4.  Lateral  (cheek)  surface  of  maxilla  strongly 
convex. 

5.  Posterior  border  of  zygomatic  arch  joins  pal- 
ate opposite  middle  of  M1. 

6.  Rostrum  flattened  dorsoventrally. 

7.  Posterolabial  root  of  PJ  widely  separated  from 
the  other  two  roots. 

8.  Nasal  bones  slope  anteroventrally. 

9.  Zygomatic  arch  has  continuous  dorsal  cur- 
vature in  lateral  view. 

10.  M2  alveolus  tiny. 

1 1.  Embrasure  pit  on  maxilla  for  M,  deep. 

12.  Tympanic  bulla  most  inflated  centrally. 

13.  Crest  between  mastoid  and  paroccipital  pro- 
cesses low,  rounded. 


1 . One  foramen  on  each  side  of  palate 
continuous  with  long  sulcus. 

2.  Surface  more  horizontal,  with  fossa 

3.  Narial  opening  higher,  nearly  circular 
in  anterior  view. 

4.  Lateral  surface  more  vertical,  less  con- 
vex. 

5.  Posterior  border  joins  palate  opposite 
space  between  M1  and  M2. 

6.  Rostrum  arched  dorsoventrally. 

7.  Three  roots  of  P4  nearly  equidistant  and 
forming  nearly  equilateral  triangle. 

8.  Nasal  bones  not  sloping,  nearly  hori- 
zontal. 

9.  Zygomatic  arch  flatter,  not  curved  dor- 
sally  as  much  as  in  E.  mealsi. 

10.  M2  alveolus  tiny. 

1 1.  Embrasure  pit  moderately  deep. 

12.  Not  known. 

13.  Not  known. 


1 . One  foramen  on  each  side,  continuous 
with  long  sulcus. 

2.  Surface  more  horizontal,  with  fossa 

3.  Narial  opening  low,  sloping,  nearly 
circular  in  anterior  view. 

4.  Lateral  surface  strongly  convex. 

5.  Posterior  border  joins  palate  opposite 
space  between  M1  and  M2. 

6.  Rostrum  slightly  flattened. 

7.  Two  posterior  roots  of  PJ  coalesced, 
anterior  root  separate. 

8.  Nasal  bones  sloping  slightly. 

9.  Zygomatic  arch  flatter,  not  curved 
dorsally. 

10.  M2  alveolus  large,  bilobed. 

1 1.  Embrasure  pit  shallow. 

12.  Tympanic  bulla  most  inflated  ante- 
riorly. 

13.  Crest  thin,  projecting  laterally. 


distinct  from  P.  goedertae.  Pteronarctos  goedertae  differs  cra- 
nially  from  N.  mirum  (on  the  basis  of  referred  specimens: 
UCMP  82362,  82363,  86132  and  LACM  52172,  98147, 
127696)  by  having  a more  inflated  bulla  extending  farther 
anteriorly  beneath  the  median  lacerate  foramen;  a mastoid 
process  which  is  not  so  cuboid  in  shape  and  is  located  farther 
anteriorly  on  the  basicranium  and  constricting  the  external 
acoustic  meatus;  a narrower  paroccipital  process;  a larger 
postglenoid  foramen  located  in  a transverse  groove;  no  pre- 
glenoid  process  and  a shallower  glenoid  fossa;  a foramen 
ovale  more  covered  by  the  pterygoid  in  ventral  view;  a round- 
ed medial  edge  of  the  bulla;  a smaller  P1  alveolus;  no  ad- 
ventitious medial  root  on  the  P2;  a smaller  vestige  of  the 
medial  (protocone)  root  on  P3;  a more  posteriorly  located 
medial  (protocone)  root  and  a distinctly  separate  anterior 
(paracone)  root  on  P4;  a more  prominent  sulcus  on  the  palate 
extending  anteriorly  from  the  anterior  palatine  foramina;  a 
greater  facial  angle;  more  procumbently  rooted,  smaller  up- 
per canines  with  round  roots;  and  a smaller  optic  foramen 
that  is  located  more  dorsally  in  the  interorbital  region. 

The  Late  Miocene  fur  seal-like  otariine  pinniped  Pithan- 
otaria  starri  is  geologically  younger  than  any  of  the  above 
taxa.  The  holotype  and  referred  specimens  (Repenning  and 
Tedford,  1977:58-60,  pi.  19)  of  this  species  show  it  to  differ 
from  enaliarctines  by  having  essentially  a homodont  cheek 
dentition,  a nearly  straight  upper  cheek  tooth  row,  and  two- 
rooted  P2-*  and  M1,  and  by  lacking  the  M2.  All  other  named 
otariids  belong  in  different  subfamilies  and  are  clearly  mor- 


phologically different  from  Pteronarctos  goedertae,  are  of  dif- 
ferent ages,  and,  in  most  cases,  are  much  larger  in  body  size. 

Many  character  states  of  Pteronarctos  goedertae  are  more 
derived  than  those  of  both  Enaliarctos  mealsi  and  E.  mitch- 
elli. Pteronarctos  goedertae  could  not  have  evolved  from  either 
of  the  latter  species,  however,  because  it  also  has  other  char- 
acters that  are  more  primitive  in  comparison  with  both  of 
them,  and  each  of  these  three  species  has  its  own  combination 
of  unique  derived  (autapomorphic)  characters.  Within  the 
Jewett  Sand  in  Kern  County,  California,  specimens  of  E. 
mitchelli  have  only  been  found  in  stratigraphically  higher, 
and  therefore  geochronologically  younger,  rocks  than  E. 
mealsi.  Enaliarctos  mealsi  could  have  been  ancestral  to  E. 
mitchelli  (see  Barnes,  1979).  Despite  its  more  derived  char- 
acters and  more  recent  age  relative  to  E.  mealsi,  E.  mitchelli 
is  not  morphologically  intermediate  between  that  species  and 
P.  goedertae.  Its  unique  derived  characters,  compared  with 
E.  mealsi  (and  P.  goedertae)  include,  among  others,  incisive 
foramina  that  pass  more  vertically  from  the  palate  into  the 
external  nares,  upper  cheek  teeth  whose  roots  are  relatively 
smaller,  fusion  of  the  two  roots  of  M2  into  one  tiny  bilobed 
root,  a relatively  large  orbit,  a lesser  facial  angle,  and  a larger 
narial  opening. 

Compared  with  E.  mealsi  (and  with  some  of  the  known 
characters  of  E.  mitchelli)  the  different  suite  of  derived  char- 
acters (i.e.,  those  that  are  more  like  species  of  Otariinae)  of 
P.  goedertae  are:  straighter  upper  cheek  tooth  rows,  P4  with 
its  posterior  two  roots  coalesced  suggesting  a reduction  of  the 
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protocone  (and  therefore,  also  a reduction  of  the  camassial 
function  of  the  tooth),  M1  with  more  nearly  equal-sized  an- 
terior and  posterior  roots,  reduced  embrasure  pit  on  the  pal- 
ate between  P4  and  M1  indicating  a corresponding  reduction 
in  size  of  the  lower  carnassial  (M,),  ventral  part  of  zygomatic 
process  of  the  maxilla  ventral  to  infraorbital  foramen  more 
nearly  horizontal,  zygomatic  arch  straighter  and  less  arched 
in  its  lateral  part,  larger  supraorbital  process  of  the  frontal, 
shallower  nasolabialis  fossa  anterior  to  the  orbit,  narrower 
posterior  part  of  the  interorbital  area,  more  prominent  an- 
terolateral comers  of  the  braincase,  and  the  shallower  sulcus 
on  the  lateral  wall  of  the  braincase  marking  the  pseudosylvian 
sulcus  of  the  brain.  Despite  the  presence  of  its  otherwise  more 
derived  characters,  P.  goedertae  is  more  primitive  than  both 
of  the  species  of  Enaliarctos  by  virtue  of  having  a shorter 
posterior  extension  of  the  palate  ventral  to  the  choana,  a 
smaller  posterior  lacerate  foramen,  a bilobed  posterior  root 
on  P3  representing  a remnant  relic  of  the  medial  (protocone) 
root,  and  a large  M2  alveolus  (Fig.  7).  The  evidence  from  the 
characters  cited  above,  therefore,  indicates  that  within  the 
subfamily  Enaliarctinae  there  were  at  least  three  different 
evolutionary  lineages,  represented  by  the  genera  Enaliarctos, 
Pteronarctos,  and  Pinnarctidion,  and  that  the  youngest  known 
species,  P.  goedertae,  must  have  evolved  from  a taxon  that 
was  even  more  primitive  than  the  earliest  and  most  primitive 
species,  E.  mealsi. 

Certain  derived  characters  of  P.  goedertae  are  also  present 
in  the  various  living  species  of  fur  seals  in  the  relatively 
primitive  otariine  genus  Arctocephalus  (see  Repenning  et  al., 
1971;  Bonner,  1981),  and  these  and  other  shared  characters 
support  the  idea  that  the  subfamily  Otariiniae  evolved  from, 
or  shares  its  ancestry  with,  some  species  of  Enaliarctinae. 
Such  characters  are:  palatine  bones  that  form  a short  tube  at 
the  back  of  the  palate  ventral  to  the  internal  nares;  a small 
paroccipital  process  that  is  connected  to  the  mastoid  process 
by  a slender  crest;  a posterior  lacerate  foramen  that  is  ex- 
panded anteroposteriorly  rather  than  transversely;  optic  fo- 
ramina that  join  within  the  interorbital  septum  and  that  exit 
at  a relatively  elevated  position  within  the  orbits;  occipital 
condyles  that  project  prominently  posteriorly  and  are  closely 
spaced  and  separated  by  a narrow  and  deep  intercondylar 
notch;  a cheek  portion  of  the  maxilla  with  a convex  lateral 
surface  that  projects  outward  (laterally)  beyond  the  palatal 
margin;  a dorsal  margin  of  the  anterior  part  of  the  zygomatic 
arch  that  is  flared  upward  and  outward  over  the  infraorbital 
foramen  to  form  a flange  that  cupped  the  front  of  the  eye; 
pterygoid  struts  that  connect  the  palatine  and  the  basicra- 
nium  that  are  elongate,  nearly  parallel,  and  convex  on  their 
lateral  sides;  tympanic  bullae  that  are  inflated  medially  and 
anteriorly;  nuchal  crests  that  are  curved  and  flaring  poste- 
riorly over  the  occipital  shield;  a low  sagittal  crest  that  ex- 
tends from  the  posterior  part  of  the  interorbital  area  to  the 
occipital  crest;  a postorbital  process  of  the  jugal  that  is  high, 
triangular,  bent  inward  (medially)  toward  the  orbit,  and  sep- 
arated from  the  anterior  tip  of  the  zygomatic  process  of  the 
squamosal;  and  posterior  ends  of  the  nasal  bones  that  are 
short,  tapered,  and  closely  appressed  and  penetrating  be- 
tween frontals,  but  slightly  diverging  so  that  there  is  an  ir- 


regular transverse  line  created  by  the  suture  between  the 
frontal  and  the  rostral  bones  (maxillae  and  nasals). 

Mitchell  and  Tedford  (1973)  did  not  specifically  propose 
relationships  between  Enaliarctos  and  any  other  type  of  ota- 
riid.  Mitchell  (1975)  later  considered  the  subfamily  Enaliarc- 
tinae as  an  extinct  lineage  with  an  origin  near  that  of  modern 
fur  seals  and  sea  lions,  the  subfamily  Otariinae.  Subsequently, 
Repenning  and  Tedford  (1977)  and  Barnes  (1979)  interpreted 
the  genus  Enaliarctos  as  being  directly  ancestral  to  both  the 
fur  seals  and  sea  lions.  No  appropriate  fossils  had  been  de- 
scribed, however,  that  represent  this  lineage  during  the  ap- 
proximately 14  million  year  hiatus  between  the  youngest 
known  species  of  Enaliarctos,  E.  mitchelli,  at  approximately 
24  to  25  m.y.a.,  and  the  oldest  fur  seal-like  pinniped,  Pi- 
thanotaria  starri  Kellogg,  1925,  which  lived  about  1 1 m.y.a. 
(Repenning  and  Tedford,  1977:fig.  6).  Pteronarctos  goedertae 
is  morphologically  a better  ancestor  of  the  Otariinae  than 
any  species  of  Enaliarctos  and  now  provides  the  opportunity 
to  document  animals  apparently  belonging  on  or  near  this 
lineage  that  were  alive  approximately  19  m.y.a. 

CLASSIFICATION  OF  THE  QTARIIOAE 
FAMILY  GROUP  NAMES 

Proposed  classifications  of  otariid  pinnipeds  have  varied 
among  recent  authors  (see  Barnes  et  ah,  1985:table  1).  The 
arrangement  that  I use  in  this  paper  is  based  on  that  proposed 
by  Mitchell  ( 1 968,  1975)  and  on  the  one  that  I used  in  1 979. 
I recognize  one  family,  the  Otariidae,  rather  than  two  (Ota- 
riidae  and  Odobenidae,  e.g.,  Scheffer,  1958;  King,  1983a; 
Enaliarctidae  and  Otariidae  [including  Odobeninae],  Ted- 
ford, 1976:table  1)  or  four,  as  has  been  proposed  by  Repen- 
ning and  Tedford  (Repenning,  1 976;  Repenningand  Tedford, 
1977  [Enaliarctidae,  Desmatophocidae,  Odobenidae,  and 
Otariidae]).  The  classification  used  by  Repenning  and  Ted- 
ford served  to  maintain  the  ranks  as  then  used  by  most 
neontologists.  It  is  significant  that  these  ranks  have  now  been 
revised  by  some  (e.g.,  Hall,  1981)  to  reflect  the  fossil  evi- 
dence, and  thus,  the  ranks  used  by  Repenning  and  Tedford 
may  be  reconsidered.  The  differences  between  these  classi- 
fications are  principally  ones  of  rank  and  hierarchy,  however, 
rather  than  of  implied  interrelationships.  They  all  recognize 
the  sea  lions  and  walruses  in  a pinniped  group,  with  variously 
related  fossil  relatives,  and  it  is  a commonly  accepted  notion 
that  the  group  is  monophyletic  (Mitchell  and  Tedford,  1973: 
278-279;  Mitchell,  1975;  Repenning,  1976;  Tedford,  1976; 
Repenningand  Tedford,  1977;  Barnes,  1979;  King,  1983a). 
In  light  of  this  and  the  relatively  recent  (middle  Cenozoic) 
origin  and  diversification  of  the  group,  I believe  that  the 
recognition  of  several  subfamilies  within  a single  family,  the 
Otariidae,  is  taxonomically  more  conservative  and  brings 
more  balance  to  the  classification  in  the  context  of  the  sys- 
tematics  of  the  order  Carnivora.  Among  the  other  large  group 
of  (relatively  distantly  related  [e.g.,  see  Tedford,  1976])  pin- 
nipeds, the  true  seals,  approximately  equal  morphological 
diversity  has  been  accommodated  in  recently  published  clas- 
sifications within  one  family,  the  Phocidae.  For  example, 
despite  the  extensive  morphological  differences  between  the 
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Figure  9.  Cladogram  showing  relationships  of  otariid  genera.  Characters  marking  dichotomies  are  as  follows:  1)  Neck  lengthened;  proximal 
limb  elements  shortened;  maxilla  forming  part  of  wall  of  orbit;  foramen  rotundum  and  anterior  opening  of  alisphenoid  canal  combined  into 
one  large  orbital  fissure;  foramen  ovale  and  posterior  opening  of  alisphenoid  canal  joined  in  an  elongate  recess;  sphenopalatine  foramen 
enlarged;  petrosal  isolated  from  surrounding  cranial  bones;  embayment  formed  in  lateral  edge  of  basioccipital  for  loop  of  median  branch  of 
internal  carotid  artery;  mastoid  process  large  and  cubic  in  shape;  basal  whorl  of  cochlea  directed  posteriorly;  head  lost  from  incus;  auditory 
ossicles  not  enlarged;  entotympanic  restricted  to  medial  part  of  bulla  around  carotid  canal;  internal  acoustic  meatus  round;  posterior  lacerate 
foramen  enlarged,  not  expanded  transversely;  bony  tentorium  in  braincase  closely  appressed  to  dorsal  surface  of  eminence  containing  semi- 
circular canals  and  floccular  fossa;  postglenoid  foramen  reduced;  entepicondylar  foramen  lost  from  humerus;  olecranon  process  of  ulna  enlarged; 
aquatic  propulsion  by  forelimb  as  well  as  hind  limb,  principally  by  forelimbs  (family  Otariidae).  2)  Posterior  end  of  nasal  bones  shortened, 
blunt,  marked  by  irregular  sutures;  pterygoid  strut  between  braincase  and  palate  rounded,  inflated  on  lateral  surface;  sagittal  crest  prominent 
on  braincase,  especially  so  in  male  individuals;  maxilla  dorsal  to  infraorbital  foramen  projecting  farther  anteriorly  than  that  below  the  foramen. 
3)  Bulla  flattened;  anterior  septum  in  tympanic  cavity  reduced;  preglenoid  process  reduced;  fossa  on  braincase  wall  marking  pseudosylvian 
sulcus  of  brain  reduced;  protocone  reduced  on  PJ  and  M1.  4)  Cheek  tooth  rows  more  nearly  parallel,  protocone  shelf  of  PJ  reduced,  roots  of 
PJ  reduced  to  two  with  posterior  two  roots  fused,  posterior  part  of  interorbital  area  narrow,  preglenoid  process  lost,  fossa  corresponding  to 
pseudosylvian  sulcus  shallow  ( Pteronarctos ).  5)  Anterior  border  of  orbit  flared  outward  dorsal  to  infraorbital  foramen  to  create  a cup  beneath 
the  eye;  orbital  vacuity  forms;  interorbital  septum  compressed  causing  right  and  left  optic  foramina  to  be  joined;  cheek  teeth  homodont,  central 
cusp  on  crown  emphasized,  accessory  cusps  and  cingulae  reduced;  cheek  tooth  rows  parallel  or  nearly  so;  posterior  upper  cheek  teeth  with 
two  roots;  supraorbital  process  of  frontal  enlarged  and  projecting  laterally;  embayment  in  lateral  edge  of  basioccipital  for  loop  of  median 
branch  of  internal  carotid  artery  lost;  occipital  condyles  nearly  parallel,  high  on  skull;  paroccipital  process  thick,  knob-like;  basioccipital 
relatively  narrow  and  nearly  parallel-sided;  tympanic  membrane  reduced  in  diameter;  tympanic  crest  reduced,  not  projecting  prominently  into 
tympanic  cavity;  bony  tentorium  in  braincase  closely  appressed  to  dorsal  surface  of  eminence  containing  semicircular  canals  and  floccular 
fossa;  fossa  for  origin  of  tensor  tympani  muscle  lost  (both  presumed  in  Pithanotaria)\  forelimb  rotated  into  position  parallel  to  sagittal  plane; 
deltoid  tuberosity  of  humerus  included  within  deltoid  crest;  olecranon  process  of  ulna  expanded  and  projected  proximo-posteriorly;  trochanteric 
fossa  of  femur  lost  (subfamily  Otariinae).  6)  M2  lost,  PJ-M'  diastema  present  ( Pithanotaria ).  7)  M,  lost;  tibia  and  fibula  fused  at  proximal 
end  (except  T.  macnallyae ) (Thalassoleon).  8)  Palate  broad,  relatively  flat;  wide  spaces  between  cheek  teeth;  paroccipital  process  enlarged; 
pterygoid  process  of  maxilla  ventral  to  orbit  thin  and  expanded  laterally;  choana  wide,  dorsoventrally  compressed;  optic  foramen  postero- 
ventrally  located  ventral  to  anterior  end  of  braincase;  anterior  lacerate  foramen  (=  orbital  fissure)  bilobed  and  large;  epitympanic  recess  enlarged; 
auditory  ossicles  enlarged;  posterior  lacerate  foramen  expanded  transversely;  internal  acoustic  meatus  broad,  dorsoventrally  flattened,  bilobed, 
with  canals  for  facial  and  vestibulocochlear  nerves  separated  by  low  septa;  postorbital  process  of  jugal  extended  dorsally  and  applied  to  anterior 
end  of  zygomatic  process  of  squamosal.  9)  Cheek  teeth  homodont,  with  reduced  cingulum  and  accessory  cusps,  and  bulbous  crowns;  carinae 
lost  on  canine  crowns;  zygomatic  process  of  squamosal  expanded  dorsoventrally;  orbit  enlarged;  orbital  vacuity  forms;  interorbital  septum 
compressed  causing  optic  foramina  to  merge;  dorsal  margin  of  zygomatic  arch  anterior  to  orbit  retracted  dorsal  to  infraorbital  foramen; 
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primitive  monk  seals  (. Monachus  spp.).  the  derived  Antarctic 
seals,  the  giant  elephant  seals  ( Mirounga  spp.),  and  the  small 
harbor  seals  (Phoca  spp.)  and  related  taxa,  they  are  classified 
in  separate  subfamilies  within  the  family  Phocidae  (e.g.,  see 
de  Muizon,  1982;  King,  1983a:  10).  I consider  such  morpho- 
logical differences  to  be  of  a magnitude  commensurate  with 
those  between  the  walruses  ( Odobenus  rosmarus)  and  the  fur 
seals  (e.g.,  Arctocephalus  spp.  and  Callorhinus  ursinus). 

In  any  phylogenetic  analysis  or  classification  that  includes 
fossils  as  well  as  Recent  taxa,  the  only  comparable  characters 
that  are  now  universally  comparable  and  testable  by  repeated 
observation  are  those  based  on  osteology.  To  ignore  a rich 
fossil  history  of  any  animal  group  is  to  lose  valuable  and 
interesting  insights  into  a wealth  of  information  that  is  ap- 
plicable to  studies  ofsystematics,  distribution,  behavior,  and 
population  structure  of  the  living  descendants.  In  this  con- 
text, walruses  have  been  shown  not  to  be  evolutionarily  very 
far  from  other  otariids  but  to  have  evolved  some  of  their 
extreme  morphological  specializations  in  only  quite  recent 
geological  time  and  to  share  other  diverse  characters  with 
both  extinct  and  surviving  otariid  groups  (Mitchell,  1966, 
1968,  1975;  Barnes,  1972,  1979;  Mitchell  and  Tedford,  1973; 
Repenning  and  Tedford,  1977;  Barnes  et  al.,  1 98 5 :fig.  6). 

King  (1983a:  15)  presented  a table  of  characters  differen- 
tiating the  superfamilies  Phocoidea  (true  seals)  and  Otarioi- 
dea  (sea  lions  and  walruses),  groups  which,  for  the  present 
study,  can  be  equated  with  the  families  Phocidae  and  Ota- 
riidae,  respectively.  Another  table  (King,  1983a:  1 7)  purports 


to  differentiate  three  families,  Phocidae,  Otariidae,  and 
Odobenidae,  on  the  basis  of  some  often-cited  neontological 
characters,  some  of  which  the  odobenids  appear  to  share  in 
different  combinations  with  both  of  the  other  families.  The 
problem  with  this  approach  is  that  it  does  not  accommodate 
any  of  the  extinct  groups  (the  various  subfamilies  I recognize, 
or  the  families  Enaliarctidae  and  Desmatophocidae  of  some 
authors;  see  King,  1983a:  136);  it  relies  in  part  on  characters 
of  the  soft  anatomy  which  are  not  determinable  from  the 
fossil  record,  and  it  includes  some  osteological  characters 
that  are  reputedly  diagnostic  for  otariids  and  odobenids,  but 
which  are  not  valid  for  even  the  closely  related  and  geolog- 
ically relatively  recent  fossil  representatives  of  each  group. 
For  example,  some  of  the  osteological  characters  that  King 
lists  to  characterize  a family  Odobenidae  (enlarged  upper 
canines,  upper  incisors  without  transverse  grooves,  lower 
incisors  absent,  and  mandibular  symphysis  fused  in  adults) 
serve  to  exclude  from  that  family  virtually  all  of  the  diverse 
fossil  members  that  were  assigned  to  it  by  Repenning  and 
Tedford  (1977).  Most  of  the  remainder  of  the  list  of  osteo- 
logical and  dental  characters  King  listed  can  also  be  used  to 
define  species  of  Enaliarctinae  and  Allodesminae.  It  is  clear 
from  King’s  text  and  phylogeny  that  she  recognizes  the  di- 
verse fossil  otariid  groups  that  have  been  documented  by 
paleontological  studies;  the  problem  lies  in  her  choice  of 
limited  characters  of  only  living  taxa  to  characterize  groups 
that  have  known  fossil  members. 

Wyss  (1987)  presented  a study,  nominally  to  compare  the 


interorbital  region  elongated;  embayment  in  lateral  edge  of  basioccipital  for  loop  of  median  branch  of  internal  carotid  artery  lost;  tympanic 
membrane  reduced  in  diameter;  tympanic  crest  of  low  relief,  not  projecting  into  tympanic  cavity;  auditory  ossicles  greatly  enlarged;  fossa  for 
origin  of  tensor  tympani  muscle  lost;  facet  for  tympanohyal  within  hyoid  fossa  well  developed;  dentary  flattened  with  elevated  condyle  and 
expanded  angle;  manus  rotated  into  sagittal  plane;  bones  of  manus  and  pes  thickened  and  flattened;  deltoid  crest  of  humerus  elongated;  deltoid 
tuberosity  included  within  crest;  proximal  end  of  ulna  bent  posteriorly;  olecranon  process  of  ulna  thickened;  lesser  trochanter  of  femur 
reduced;  carpals  and  tarsals  bulbous,  with  flattened  articular  surfaces;  aquatic  propulsion  principally  by  forelimbs  (subfamily  Allodesminae). 

10)  Fossa  on  braincase  wall  marking  pseudosylvian  sulcus  of  brain  reduced;  tympanic  bulla  flattened,  wrinkled;  embayment  in  lateral  edge  of 
basioccipital  for  loop  of  median  branch  of  internal  carotid  artery  lost;  fossa  for  origin  of  tensor  tympani  muscle  lost;  camassial  function  lost. 

11)  Orbit  enlarged;  cheek  tooth  crowns  bulbous,  with  smooth  enamel;  paroccipital  process  enlarged;  tympanic  crest  reduced,  not  projecting 
into  tympanic  cavity;  pterygoid  process  of  maxilla  expanded  laterally  beneath  orbit  (subfamily  Desmatophocinae).  12)  Hyoid  fossa  positioned 
posterior  to  tympanic  bulla;  auditory  ossicles  enlarged;  occipital  condyles  widely  flaring  and  positioned  relatively  low  on  cranium;  paroccipital 
process  reduced,  thin  and  plate-like;  mastoid  process  enlarged,  crescentic  in  shape;  optic  foramina  retracted  to  ventral  position  beneath  anterior 
end  of  braincase;  basioccipital  broad,  expanded  posteriorly;  bony  Eustachian  canal  enlarged;  internal  acoustic  meatus  broad,  dorsoventrally 
flattened,  bilobed,  with  canals  for  facial  and  vestibulocochlear  nerves  separated  by  low  septa;  auditory  ossicles  enlarged;  radius  and  ulna 
shortened;  distal  end  of  radius  expanded,  with  large  radial  crest  and  radial  process;  pit  or  rugosity  marking  attachment  of  pollicle  extensor 
muscle  located  on  dorsal  surface  of  metacarpal  1;  metacarpal  1 curving  laterally;  trochanteric  fossa  of  femur  lost;  lesser  trochanter  of  femur 
large;  prominent  tuberosity  on  medial  side  of  calcaneal  tuber.  13)  Sagittal  crest  moderately  developed;  tympanic  membrane  slightly  reduced 
in  diameter  (membrane-to-oval  window  ratio  approximately  10:1);  cheek  teeth  with  broad  principal  cusp,  small  anterior  and  posterior  cusps, 
prominent  cingulae;  attachment  for  pollicle  extensor  muscle  on  metacarpal  1 in  the  form  of  pit;  femur  widened  transversely,  with  enlarged 
lesser  trochanter,  and  distal  trochleae  facing  posteriorly  (subfamily  Imagotariinae).  14)  Anterior  cheek  teeth  with  round,  single  roots;  palate 
transversely  arched;  mandibular  symphysis  elongate,  sloping  posteroventrally;  ventral  border  of  dentary  nearly  horizontal;  angle  of  dentary 
reduced,  concavity  in  margin  posterior  to  genial  tuberosity.  15)  Tooth  enamel  thin;  cheek  teeth  with  bulbous  crowns  and  reduced  cingular 
and  accessory  cusps;  upper  and  lower  canines  elongate,  slender,  but  not  tusk-like;  lower  incisors  greatly  reduced  or  lost;  M,  lost;  dentary  short, 
thin  transversely,  with  posterior  end  bent  dorsally,  and  diverging  abruptly  from  sagittal  plane;  humerus,  radius,  and  ulna  shortened  and 
thickened;  humerus  with  elongate,  thick  deltoid  crest,  large  entepicondyle,  distal  trochlea  canted  obliquely  dorsomedially,  distal  end  compressed 
anteroposteriorly  and  expanded  transversely,  lesser  tubercle  lower  than  head  (subfamily  Dusignathinae).  16)  Lower  canine  reduced;  upper 
canine  enlarged;  M2  lost;  sagittal  crest  lost;  nuchal  crest  reduced;  lacrimal  process  enlarged;  posterior  ends  of  nasal  bones  bluntly  terminated, 
aligned  with  transverse  suture  between  frontals  and  maxillae;  zygomatic  process  of  squamosal  blunt,  reduced;  zygomatic  process  of  jugal 
(including  the  postorbital  process  and  part  of  maxilla)  expanded  dorsoventrally;  I1  reduced  or  lost;  M:  lost;  attachment  for  pollicle  extensor 
muscle  on  metacarpal  1 in  the  form  of  a rugosity  (subfamily  Odobeninae). 
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ear  region  of  walruses  with  those  of  other  pinnipeds,  but 
considered  a variety  of  other  morphological  characters,  and 
concluded  that  all  fossil  and  living  pinnipeds  form  a mono- 
phyletic  group.  This  conclusion  is  contradictory  to  that 
reached  by  many  other  researchers  who  have  examined  many 
of  the  same  characters  as  Wyss,  and  the  work  deserves  a 
more  detailed  reply  than  can  be  provided  here.  Wyss  further 
concluded  that  the  family  Otariidae  includes  only  the  fur 
seals  and  sea  lions,  is  the  most  primitive  group  of  living 
pinnipeds,  and  has  apparently  close  but  unspecified  relation- 
ships with  enaliarctines.  The  enaliarctine  Pinnarctidion  and 
the  Desmatophocinae  and  Allodesminae  he  concluded  have 
little  relationship  with  Otariidae  but  close  relationships  with 
the  Phocidae,  which  he  also  concluded  are  closely  related  to 
the  walruses. 

A few  key  points  call  Wyss’  conclusions  into  question.  He 
(1987:21,  table  2)  concluded  that  the  lack  of  large  supraor- 
bital processes  in  various  pinniped  groups  is  derived.  In  fact, 
just  the  opposite  is  the  case.  Absence  of  the  processes  is  shown 
by  the  fossil  record  to  be  primitive.  Large  processes  evolved, 
as  a unique  derived  character,  in  only  one  pinniped  group, 
the  Otariinae  (fur  seals  and  sea  lions),  and  the  enlargement 
does  not  show  up  in  the  fossil  record  until  Late  Miocene  time. 
Wyss  also  cited  a “mortised”  squamosal-jugal  articulation 
in  the  zygomatic  arch  as  being  a shared  derived  character 
that  links  phocids,  Allodesmus  (with  which  he  included  the 
demonstrably  separate  Desmatophocinae),  and  Pinnarcti- 
dion. The  structure  being  referred  to  is  an  anteroposterior 
thickening  and  dorsal  extension  of  the  postorbital  process  of 
the  jugal  and  a dorsoventral  expansion  of  the  anterior  end 
of  the  zygomatic  process  of  the  squamosal.  This  modification 
has  evolved  in  Pinnarctidion,  Allodesmus,  Phocidae,  Odo- 
beninae  (not  listed  by  Wyss),  and  also  in  unrelated  Sirenia 
and  Desmostylia,  among  other  marine  mammals.  Among 
these  various  groups,  and  even  among  the  four  pinniped 
groups  cited,  the  ways  in  which  the  bones  are  modified  and 
the  extent  of  their  modification  is  highly  variable.  This  should 
indicate  clearly  that  the  modification  is  a convergent  derived 
character  and  should  be  suspect  in  phylogenetic  analyses. 

One  of  the  most  complete  statements  of  the  diversity  of 
characters  and  the  distribution  of  them  among  the  various 
fossil  and  living  otariid  groups  can  be  found  in  the  work  of 
Mitchell  (1968:1893-1896,  table  V).  Although  it  is  not  easy 
at  first  to  sort  out  the  critical  diagnostic  characters  in  his 
study,  it  clearly  points  out  how  the  many  types  of  fossil  and 
living  otarioid  pinnipeds  possess  partially  overlapping  suites 
of  characters.  For  example,  the  extinct  and  relatively  derived 
species  in  the  subfamily  Allodesminae  share  both  primitive 
and  derived  cranial  characters  in  common  with  the  Odo- 
beninae  but  have  aspects  of  their  highly  derived  limb  mor- 
phology that  are  convergent  with  the  Otariinae,  and  the  ex- 
tinct species  of  Imagotariinae  share  some  postcranial  and 
basicranial  characters  in  common  with  species  in  the  Odob- 
eninae  and  have  some  dental  and  mandibular  features  shared 
in  common  with  the  extinct  Enaliarctinae  and  others  that  are 
convergent  with  some  of  the  Recent  Otariinae.  Greatly  en- 
larged canine  tusks  and  the  accompanying  extreme  rostral 
modifications  are  important  derived  characters  of  the  living 


walruses  but  are  relatively  recently  acquired,  as  attested  by 
the  discovery  of  fossil  relatives,  such  as  Aivukus  cedrosensis 
Repenning  and  Tedford,  1 977,  which  are  less  modified  (Barnes 
et  al.,  1985).  Among  other  mammals  (e.g.,  Monodontinae 
[narwhals]  in  the  cetacean  family  Monodontidae,  and  Ma- 
chaerodontinae  [saber  tooth  cats]  in  the  carnivore  family 
Felidae),  the  presence  of  enlarged  anterior  teeth  and  the  con- 
comitant derived  modifications  of  the  rostrum  are  commonly 
reflected  in  published  classifications  as  subfamilial  rather  than 
as  familial  differences. 

Some  of  the  otariid  subfamilies  are  now  known  to  have 
had  considerably  earlier  origins  (Barnes,  1979:fig.  22)  than 
had  been  indicated  previously  (Mitchell,  1975:fig.  1;  Repen- 
ning and  Tedford,  1 977:fig.  6),  and  the  Early  Miocene  species 
of  Enaliarctinae  are  now  known  to  have  been  relatively  di- 
verse. A broad  spectrum  of  taxa,  including  walrus-like  and 
sea  lion-like  animals  and  many  with  intermediate  character 
suites,  are  now  known  to  have  existed.  If  all  of  these  early 
otariids  were  to  be  given  equal  taxonomic  status,  based  on 
similar  levels  of  morphological  distinctions,  the  suprageneric 
groups  would  become  too  numerous  to  be  useful  (witness 
Dubrovo’s  [1981]  Kamtschatarctinae;  see  Barnes  et  al.,  1985: 
36,  38). 

Tedford  ( 1976)  reviewed  the  evidence  for  relationships  of 
both  otariid  and  phocid  seals  within  the  context  of  the  order 
Carnivora.  He  summarized  evidence  that  otariids  had  an 
origin  from  terrestrial  fissiped  carnivores  separate  from  that 
of  phocids.  On  the  basis  of  a cladistic  analysis,  he  classified 
both  phocids  and  otariids  in  the  carnivore  infraorder  Arc- 
toidea  (in  contrast  to  Cynoidea  and  Feloidea),  but,  under- 
scoring the  pinniped  diphyly,  he  classified  the  Otariidae  (and 
the  superfamily  Otarioidea)  in  the  parvorder  Ursida  with 
bears,  and  the  Phocidae  in  the  parvorder  Mustelida  with 
mustelids  in  the  superfamily  Musteloidea.  Ginsburg’s  (1982) 
arrangement  is  similar  to  that  of  Tedford’s,  except  that  he 
used  infraorders  instead  of  parvorders.  He  classified  the  fam- 
ily Ailuridae  (lesser  pandas)  within  the  infraorder  Ursida  and 
considered  it  to  be  the  sister-group  of  Otariidae  as  well  as 
the  Ursidae  but  did  not  join  the  latter  two  in  a higher  cate- 
gory. For  several  reasons,  therefore,  I have  used  Tedford’s 
suprafamilial  categories. 

The  characters  differentiating  the  various  subfamily  groups 
of  otariids  (Enaliarctinae,  Otariinae,  Desmatophocinae,  Al- 
lodesminae, Imagotariinae,  Dusignathinae,  and  Odobeninae) 
in  the  classification  that  I present  here  have  been  documented 
previously  (Mitchell,  1968,  1 975;  Mitchell  and  Tedford,  1973; 
Repenning  and  Tedford,  1977;  Barnes,  1979)  and  need  not 
be  repeated.  The  Imagotariinae  and  Dusignathinae  are  the 
least  easy  to  differentiate  and  were  synonymized  by  Repen- 
ning and  Tedford  (1977).  I have  kept  them  separate  because 
of  the  distinctive  features  of  the  type  genus  of  each  subfamily. 
Each  of  the  subfamilies  has  a unique  combination  of  prim- 
itive and  derived  characters,  although  some  characters  are 
shared  among  different  groups.  Dubrovo’s  (1984)  attempts 
to  rediagnose  the  Otarioidea  (=  my  use  of  Otariidae)  and 
Enaliarctidae  (=  Enaliarctinae)  are  neither  as  accurate  nor  as 
useful  as  those  that  have  been  provided  in  the  earlier  pub- 
lications cited  above. 
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SUBFAMILY  ENALIARCTINAE 

Following  the  treatment  of  Repenning  and  Tedford  (1977), 
I continue  to  recognize  the  primitive  subfamily  Enaliarctinae 
as  a horizontal  group,  a grade  rather  than  a clade,  because  it 
includes  taxa  from  which  at  least  two  (and  undoubtedly  oth- 
er) later  otariid  lineages  apparently  evolved  (Fig.  9;  Repen- 
ning and  Tedford,  1977;  Barnes,  1979;  Barnes  et  al.,  1985: 
hg.  6).  Repenning  and  Tedford  (1977)  defined  the  group,  in 
part,  using  an  arbitrary  morphological  feature:  the  retention 
of  the  primitive  carnassial  structure  of  the  cheek  teeth  P4  and 
M,  from  the  terrestrial  fissiped  carnivore  ancestors.  Recog- 
nition of  the  subfamily  Enaliarctinae  does  have  taxonomic 
utility  at  the  present  time,  however,  considering  the  still  com- 
paratively meager  state  of  our  knowledge  of  early  otariid 
evolution.  Its  use  is  analogous  to  that  of  the  Hyracotheriinae 
among  the  Perissodactyla.  Considering  the  established  re- 
lationships, it  might  very  well  be  appropriate  to  assign  En- 
aliarctos  and  Pteronarctos  to  the  subfamily  Otariinae.  It  would 
be  difficult  at  the  present  time,  however,  to  decide  if  Pin- 
narctidion  is  closer  to  the  Desmatophocinae  or  the  Allodes- 
minae,  and  it  has  few  diagnostic  characters  of  either. 

The  P4  and  M 1 morphologies  of  P.  goedertae  are  apparently 
substantially  different  from  those  of  Enaliarctos  mealsi.  In 
the  latter  species,  the  P4  was  still  a relatively  fissiped-like 
carnassial  tooth,  but,  based  on  the  root  morphologies,  in  P. 
goedertae  it  was  apparently  shaped  more  like  the  adjacent 
P3.  The  M1  of  P.  goedertae  has  two  roots  more  equal  in  size 
and  aligned  anteroposteriorly,  and  the  cheek  tooth  row  was 
thus  more  homodont.  Following  the  use  of  the  retained  car- 
nassial structure  of  the  P4  in  defining  the  genera  Enaliarctos 
and  Pinnarctidion,  and  the  subfamily  Enaliarctinae  (Mitchell 
and  Tedford,  1973;  Repenning  and  Tedford,  1977;  Barnes, 
1979),  Pteronarctos  belongs  in  the  subfamily  Enaliarctinae 
because  it  still  has  a carnassial,  not  yet  having  acquired  a 
fully  homodont  cheek  dentition.  Also,  its  skull  differs  from 
those  of  the  two  species  of  Enaliarctos  principally  not  by  the 
presence  or  absence  of  diagnostic  characters,  but  only  in 
subtle  proportional  differences.  Within  the  Enaliarctos-Pter- 
onarctos  group,  it  would  be  appropriate  to  draw  the  upper 
morphological  limits  of  the  subfamily  at  the  first  appearance 
of  taxa  that  are  demonstrated  to  have  had  homodont  cheek 
teeth. 

My  previous  interpretations  (Barnes,  1979)  of  the  phyletic 
position  of  Pinnarctidion  bishopi  remain  unchanged.  It  shares 
many  primitive  characters  and  some  derived  characters  with 
Enaliarctos  spp.  and  Pteronarctos  goedertae,  but  it  has  some 
other  derived  characters  (e.g.  ventrally  placed  optic  foramen, 
broad  palate,  large  paroccipital  process,  large  orbit,  dorso- 
ventrally  expanded  zygomatic  process  of  the  squamosal), 
which  it  shares  with  species  of  Allodesminae. 

SUBFAMILY  OTARIINAE 

The  subfamily  Otariinae,  which  I use  in  the  broad  sense  to 
include  both  fur  seals  (Arctocephalinae  of  some  authors)  and 
sea  lions  (e.g.,  Mitchell,  1968;  Barnes,  1979),  is  here  classified 
immediately  following  the  Enaliarctinae  to  indicate  its  prim- 


itive characters  and  the  probable  ancestral-descendant  re- 
lationships between  the  two  subfamilies.  Within  the  Otari- 
inae, I list  the  fur  seals  first,  because  they  are  the  most  primitive 
(King,  1 983a:  132;  Morejohn,  1 975;  Repenning  et  al.,  1971). 
Pithanotaria  starri,  of  Late  Miocene  age,  is  the  earliest  known 
true  otariine  and,  like  the  later  types,  had  nearly  homodont 
and  double-rooted  cheek  teeth  (P‘  is  always  single-rooted), 
but  had  lost  the  M2  (a  unique,  derived  character;  see  Repen- 
ning and  Tedford,  1977:58-60,  fig.  6).  Among  the  species  of 
Arctocepha/us,  A.  pusi/lus  is  frequently  regarded  and  the  most 
like  the  sea  lions  (King,  1983a:37).  Zalophus  californianus 
(Lesson,  1828),  the  California  sea  lion,  shares  many  char- 
acters with  fur  seals  of  the  genus  Arctocephalus  (e.g.,  Kim  et 
al.,  1975;  Morejohn,  1975;  King,  1 983a:  1 6,  186)  and,  in  fact, 
some  limb  bones  of  species  in  these  two  genera  are  almost 
indistinguishable.  Van  Gelder  (1977),  citing  hybridization 
between  the  two  genera  (see  also  Mitchell,  1968;  King,  1983a: 

1 86),  synonymized  Zalophus  Gill,  1 866,  with  Arctocephalus. 

I would  not  adopt  such  an  extreme  course,  because  the  species 
of  Arctocephalus  form  a cohesive  generic  unit  (Repenmng  et 
al.,  1971;  Bonner,  1981;  King,  1 983a),  but  hybridization  cer- 
tainly reinforces  ideas  about  the  close  relationship  between 
the  two  genera,  and  this  is  partly  the  basis  for  not  recognizing 
a separate  subfamily,  the  Arctocephalinae,  for  fur  seals 
(Mitchell,  1968;  Repenning,  1976;  Repenning  and  Tedford, 
1977).  (De  Muizon  [1978:182-183]  recognized  not  only  the 
subfamilies  Otariinae  and  Arctocephalinae  but  yet  another 
(new)  subfamily,  the  Callorhinae,  as  well.)  I have  arranged 
the  other  sea  lions  in  the  Otariinae  approximately  in  the  order 
of  increasing  number  of  their  derived  cranial  characters,  with 
Eumetopias  as  the  most  derived  (see  Kim  et  al.,  1975;  More- 
john, 1975;  King  1983a:16). 

OTHER  MIOCENE  OTARHDS 

Early  and  Middle  Miocene  species  of  Desmatophoca  were 
relatively  highly  derived,  and  the  subfamily  probably  had  a 
considerable  earlier  evolutionary  history  (see  Barnes,  1987). 
Middle  Miocene  species  of  Allodesmus  were,  for  their  time, 
even  more  highly  derived  (Mitchell,  1966,  1968;  Barnes, 
1972;  Repenning  and  Tedford,  1977)  and  had  characters  of 
the  limbs  that  were  convergent  with  those  of  Recent  otar- 
iines.  I have  (Barnes,  1987)  given  arguments  for  maintaining 
these  groups  separate  rather  than  linking  them  as  was  done 
by  Repenning  and  Tedford  (1977).  The  more  slowly  evolving 
subfamily  Imagotariinae  seems  to  have  had  a somewhat  en- 
aliarctine-like  early  member  in  Neotherium  mirum,  and  the 
later  lineages  of  the  group  rapidly  increased  in  size  and  had 
evolved  a nearly  sea  lion-like  habitus  by  Late  Miocene  time 
(Repenning  and  Tedford,  1977).  I have  now  reinterpreted 
the  Late  Miocene  animal  I called  “Desmatophocine  A” 
(Barnes,  1972)  as  an  imagotariine  near  Imagotaria  (see  also 
Mitchell,  1975:21,  fig.  1).  Latest  Miocene  Dusignathus  san- 
tacruzensis  Kellogg,  1927,  has  a mandible  with  some  char- 
acters that  are  shared  in  common  with  those  of  Imagotaria 
and  other  characters  that  are  convergent  with  those  of  the 
primitive  walrus  Prorosmarus  allem  Berry  and  Gregory,  1906 
(Barnes,  1972;  Mitchell,  1975),  but  its  lower  canines  are 
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uniquely  slender  and  elongate  and  its  large,  smooth-crowned 
cheek  teeth  are  unlike  those  of  Imagotaria  downsi.  Repen- 
ning and  Tedford  (1977)  classified  Dusignathus  in  the  same 
subfamily  as  Imagotaria  (thus  placing  the  subfamily  Ima- 
gotariinae  in  synonymy  with  the  Dusignathinae),  but  I follow 
Mitchell  (1968,  1975)  in  recognizing  the  separate  subfamily 
Dusignathinae.  The  walruses  (subfamily  Odobeninae)  appear 
to  have  been  one  of  the  last  major  groups  of  the  Otariidae 
to  have  become  differentiated,  possibly  in  the  latest  Miocene 
and  from  the  Imagotariinae  (see  Repenning  and  Tedford, 
1977).  Living  walruses  have  remained  relatively  primitive 
postcranially  while  developing  unusual  cranial  modifications 
that  are  correlated  with  tusk  development.  In  recognition  of 
similarities  noted  by  Repenning  and  Tedford  (1977),  I clas- 
sify Valenictus  and  Pliopedia  in  the  Dusignathinae. 

Fortunately,  most  of  the  recently  named  fossil  species  of 
Otariidae  have  been  established  on  specimens  that  include 
at  least  the  major  part  of  a mandible  or  cranium.  This  is 
laudable  taxonomic  practice  but  has  not  always  been  the  case, 
and  the  designation  of  disparate,  noncomparable  skeletal  ele- 
ments as  holotypes  has  in  some  situations  hindered  subse- 
quent objective  comparisons.  For  example,  Pliopedia pacifica 
Kellogg,  1921,  Neotherium  minim  Kellogg,  1931,  and  Val- 
enictus  imperialensis  Mitchell,  1961,  were  each  named  on  a 
few  limb  elements,  or  only  one  (in  some  instances  noncom- 
parable), and  only  later  were  other  specimens  assigned  to 
these  species.  One  of  the  first  fossil  otariids  to  be  named, 
Allodesmus  kernensis  Kellogg,  1922,  was  originally  based  on 
a lower  jaw,  but  the  species  is  now  known  by  skeletons  with 
skulls  from  the  same  rock  unit,  the  Round  Mountain  Silt, 
and  is  now  the  most  completely  known  fossil  otariid.  The 
same  deposit  contains  at  least  three  other  distinct  taxa,  one 
of  which,  Pelagiarctos  thomasi  Barnes,  1988,  was  recently 
named.  Two  that  I had  previously  called  desmatophocines 
I now  place  in  the  Allodesminae  (see  Mitchell,  1975). 

Following  are  my  comments  on  the  fossil  otariid  species 
that  have  been  named  since  Repenning  and  Tedford  (1977) 
last  reviewed  the  group.  These  taxa  are  arranged  in  the  same 
sequence  as  they  appear  in  the  following  classification. 

CALLORHINUS  GILMOREI 
BERTA  AND  DEMERE,  1986 

A partial  mandible,  some  teeth,  and  some  postcranial  bones 
from  the  San  Diego  Formation  in  southern  California  were 
used  to  describe  this  new  taxon.  It  is  Late  Pliocene  in  age, 
from  late  Blancan  correlative  rocks  exposed  near  San  Diego. 

The  fossils  are  not  complete  but  do  indicate  a small  fur 
seal.  This  is  the  only  Pliocene  fossil  fur  seal  species  that  has 
been  named  in  the  Pacific  realm  and  the  only  nominal  fossil 
pinniped  from  this  time  period. 

ARCTOCEPHALUS  ( HYDRARCTOS ) LOMASIENSIS 
DE  MUIZON,  1978 

This  large  species  is  the  only  named  pre-Pleistocene  southern 
hemisphere  otariid.  Its  primitive  cranial  characters  include 
the  wide  palate  with  posteriorly  diverging  cheek  tooth  rows 
and  small  supraorbital  processes.  Derived  cranial  characters 


include  the  short,  broad  nasal  bones;  round  root  of  I3;  con- 
ical-crowned cheek  teeth;  and  moderately  advanced  stage  of 
cheek  tooth  root  fusion  (P'~3  are  single  rooted,  P4  and  M1-2 
have  bilobed  roots). 

Dentally,  this  species  is  more  derived  than  the  earlier  North 
Pacific  fossil  species  of  the  genus  Thalassoleon,  but  it  has 
some  more  primitive  cranial  characters.  I tentatively  agree 
with  de  Muizon  that  the  species  can  be  contained  within  the 
genus  Arctocephalus.  In  the  absence  of  wide  usage  of  sub- 
genera within  other  pinniped  groups,  however,  it  serves  little 
purpose  to  recognize  a separate  subgenus  (Hydrarctos)  for  A. 
lomasiensis.  Berta  and  Demere  (1986)  elevated  Hydrarctos 
to  generic  rank. 

De  Muizon  pointed  out  that  many  (derived)  characters  of 
A.  lomasiensis  are  shared  with  the  Recent  sea  lions,  partic- 
ularly with  the  South  American  sea  lion,  Otaria  byronia. 
These  include  the  deep  dentary  with  an  abruptly  upturned 
posterior  end,  which  is  unlike  the  condition  in  any  living 
species  of  Arctocephalus.  De  Muizon  (1978:fig.  4)  presented 
a phylogeny  in  which  fossil  Thalasseoleon  and  Recent  Cal- 
lorhinus  are  an  early  side  branch  from  the  lineage  leading  to 
Pithanotaria;  Arctocephalus  is  derived  from  Pithanotaria,  and 
possibly  gave  rise  to  the  sea  lions;  and  A.  lomasiensis  (iden- 
tified on  the  illustration  as  A.  [ Hydrarctos ] lomasi)  is  an 
evolutionary  dead  end  branching  from  Arctocephalus.  I sus- 
pect that  de  Muizon’s  phylogenetic  conclusions  may  be  too 
explicit  based  on  the  fossil  evidence,  but  they  are  in  confor- 
mance with  the  generally  accepted  hypothesis  that  Arcto- 
cephalus is  the  living  otariid  group  that  is  the  closest  to  the 
primitive  otariid  groups,  and  is  near  the  ancestry  of  the  rel- 
atively more  derived  living  sea  lions. 

NEOPHOCA  PALATINA  KING,  1983b 

This  species  is  based  upon  an  abraded  fossil  skull  from  New 
Zealand.  Its  age  was  stated  to  be  Middle  Pleistocene,  rep- 
resenting the  New  Zealand  Castlecliffian  Stage,  and  is  pos- 
sibly between  250,000  and  450,000  years  old.  The  occurrence 
is  outside  of  the  current  range  of  its  apparently  closest  living 
relative,  the  Australian  sea  lion,  Neophoca  cinerea  (Peron, 
1816). 

King  noted  that  N.  palatina  differs  from  the  Recent  species 
in  several  characters  including:  wider  basioccipital,  expand- 
ing posteriorly;  shorter  palate;  smaller  cheek  teeth,  as  indi- 
cated by  the  sizes  of  the  alveoli;  and  less  rugose  tympanic 
bullae.  These  characters  are  primitive  within  the  Otariidae, 
and  King  noted  several  points  of  resemblance  between  N. 
palatina  and  the  primitive,  latest  Miocene  fossil  otariine, 
Thalassoleon  mexicanus  from  Baja  California.  The  broad 
interorbital  region  of  both  the  living  and  fossil  species  of 
Neophoca  is  a derived  character  of  this  genus,  and  the  absence 
of  an  anterior  extension  of  the  frontal  on  each  side  between 
the  maxilla  and  nasal  bone  is  apparently  a unique  derived 
character  of  N.  palatina.  As  in  most  generalized  Carnivora, 
the  anterior  extension  of  the  frontal  is  present  as  a primitive 
condition  in  Otariidae,  occurring  in  enaliarctines  and  otar- 
iines  (including  N.  cinerea ),  and  the  absence  of  the  extension 
in  N.  palatina  is  convergent  with  the  derived  condition  in 
odobenines  and  imagotariines. 
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EUMETOPIAS  OJIYAENSIS 
HORIKAWA,  1981 

This  pinniped  was  found  in  rocks  of  “Plio-Pleistocene”  age 
in  central  Japan  and  is  presumably  approximately  two  mil- 
lion years  old.  Nominally  it  is  a member  of  the  subfamily 
Otariinae,  and  I have  classified  it  here  as  a more  primitive 
taxon  than  the  Recent  northern  Steller  sea  lion,  Eumetopias 
jubatus.  The  holotype  (the  only  known  specimen)  consists  of 
some  isolated  teeth  and  postcranial  bones  of  one  individual. 
Unfortunately,  no  skull  bones  are  known.  The  illustrated 
bones  are  characteristically  otariine,  and  the  lower  cheek 
tooth  has  small  anterior  and  posterior  accessory  cusps  and 
a bilobed  root  (Horikawa,  1 98 1 :fig.  8),  and  the  tibia  is  strong- 
ly bowed  (Horikawa,  1 98 1 :pl.  1,  fig.  45)  as  in  Eumetopias 
jubatus.  The  bones  are  approximately  the  size  of  comparable 
ones  of  females  of  the  living  E.  jubatus. 

Compared  with  Eumetopias  jubatus,  E.  ojiyaensis  is  more 
derived  by  having  the  root  of  the  I2  relatively  more  bulbous; 
the  distal  end  of  the  first  metacarpal  more  expanded  trans- 
versely; the  patella  more  circular  in  outline  viewed  from  the 
anterior  and  not  prolonged  apically;  and  the  astragalus  with 
a shorter,  broader  neck  and  a more  uniformly  curved  distal 
articular  facet  for  the  navicular.  In  this  last  character,  the 
fossil  species  is  similar  to  the  earlier  otariine  Thalassoleon 
mexicanus  (Repenning  and  Tedford,  1977:pl.  23,  figs.  1,  3). 

Eumetopias  ojiyaensis  has  characters  that  are  more  derived 
than  the  living  E.  jubatus  and,  presuming  that  the  generic 
assignment  of  the  fossil  is  correct,  this  would  preclude  con- 
sideration of  the  fossil  as  being  an  ancestor  of  the  living 
species. 


DESMATOPHOCA  BRA  CH  Y CEP  HA  LA 
BARNES,  1987 

An  insight  into  previously  unknown  diversity  and  antiquity 
of  the  subfamily  Desmatophocinae  was  gained  by  discovery 
of  this  taxon.  It  is  from  Early  Miocene  rocks  of  the  Astoria 
Formation  in  Washington  and  geochronologically  older  than 
Desmatophoca  oregonensis  Condon,  1906,  from  Oregon.  It 
is  interesting,  however,  that  D.  brachycephala  has  more  high- 
ly derived  characters  than  the  later  D.  oregonensis.  Neither 
species  could  be  ancestral  to  the  other,  but  they  could  share 
an  earlier  common  ancestry. 

Desmatophoca  brachycephala  was  a relatively  large  species 
with  a broad,  low  cranium;  widely  flaring  zygomatic  arches; 
and  large  canines.  It  is  apparently  a rare  species  and  only 
one  specimen  has  been  found. 


PROTOTARIA  PRIMIGENA 
TAKEYAMA  AND  OZAWA,  1984 

Takeyama  and  Ozawa  (1984)  named  this  new  fossil  genus 
and  species  from  Japan,  based  on  an  excellently  preserved 
skull  that  was  found  with  some  associated  postcranial  bones 
of  Middle  Miocene  age.  Their  paper  is  of  a preliminary  na- 
ture, and  only  the  skull  was  briefly  described  and  modestly 
illustrated.  The  authors  classified  P.  primigena  in  the  family 


Enaliarctidae  and  concluded  (Takeyama  and  Ozawa,  1984: 
38)  that  it  “.  . . could  have  been  derived  from  Enaliarctos 
and  evolved  to  Thalassoleon,  forming  the  main  stock  of  the 
Otariidae  . . . .” 

The  morphology  of  the  holotype  skull  of  Prototaria  prim- 
igena closely  resembles  that  of  the  unpublished  topotypic, 
referred  specimens  (Barnes,  in  preparation)  of  the  primitive 
imagotariine  otariid,  Neotherium  minim  Kellogg,  1931,  from 
the  Sharktooth  Hill  Bonebed  (UCMP  82362,  82363,  86132 
and  LACM  52172,  98147).  Characters  shared  by  the  two 
taxa  are:  1 ) mastoid  process  ventrolaterally  directed  and  joined 
by  a well  developed,  arcuate  crest  to  a small,  broad,  poste- 
riorly directed  paroccipital  process;  2)  external  acoustic  mea- 
tus wide,  not  compressed  anteroposteriorly  between  the  mas- 
toid process  and  postglenoid  process;  3)  tympanic  bulla 
relatively  uninflated  and  located  posterior  to  the  postglenoid 
process  and  not  extended  anteriorly  ventral  to  the  median 
lacerate  foramen,  and  which  is  markedly  concave  just  pos- 
terior to  the  postglenoid  process;  4)  glenoid  fossa  deep  and 
large,  with  large  preglenoid  and  postglenoid  processes;  5) 
moderately  developed  sagittal  crest  that  is  most  prominent 
dorsal  to  the  anterior  part  of  the  braincase,  not  the  posterior 
part;  6)  similar  facial  angle;  7)  premaxillae  forming  a broad 
and  rounded,  but  not  prominent,  shelf  anterior  to  nares;  8) 
crowns  of  upper  canines  oriented  nearly  vertically  relative 
to  the  palate;  9)  P1  with  a large,  round  root;  10)  P3  with  a 
relatively  large  remnant  of  the  medial  (protocone)  root  fused 
to  the  posterior  (metacone)  root  and  with  a large  postero- 
medial protocone  shelf;  and  11)  P4  with  a relatively  large 
remnant  root  above  the  protocone  located  slightly  antero- 
medial to  the  posterior  (metacone)  root. 

Based  on  the  above  comparisons,  I suggest  that  Prototaria 
primigena  may  be  a species  of  Neotherium,  and  in  the  clas- 
sification here  I tentatively  show  the  genus  Prototaria  as  a 
junior  synonym,  yielding  the  new  provisional  binomen, 
Neotherium  primigenum.  The  relationships  of  the  Japanese 
taxon  are,  therefore,  apparently  not  as  was  stated  by  Ta- 
keyama and  Ozawa  (1984).  They  suggested  that  N.  primige- 
num could  have  evolved  from  Enaliarctos.  This  idea  is  con- 
sistent with  the  earlier  suggestions  that  have  been  made  by 
Mitchell  and  Tedford  (1973:279)  and  Repenning  and  Ted- 
ford (1977:55,  fig.  6)  about  the  ancestry  of  Neotherium  and 
that  the  enaliarctines  are  close  to  the  possible  ancestry  of  all 
later  otariids  but  is  contradictory  to  some  features  of  anat- 
omy. For  example,  N.  primigenum  has  three  roots  on  M1 
(Takeyama  and  Ozawa,  1984:38),  a more  primitive  condition 
than  in  any  species  of  Enaliarctos  (or  than  in  Pteronarctos 
goedertae)  in  which  the  M'  is  two-rooted,  the  posterior  root 
being  only  bilobed.  Additional  and  more  detailed  compari- 
sons must  be  made  before  determining  the  more  precise  re- 
lationships between  TV.  primigenum  and  TV.  minim. 

If  my  assignment  of  the  Japanese  fossil  to  the  genus  Neo- 
therium is  correct,  the  Japanese  fossil  is  one  of  the  earliest 
species  in  the  subfamily  Imagotariinae.  There  is  neither  mor- 
phological nor  phylogenetic  evidence,  therefore,  to  suggest 
that  TV.  primigenum  was  involved  in  the  ancestry  of  the  Ota- 
riinae, as  was  suggested  by  Takeyama  and  Ozawa.  Additional 
evidence  for  my  assertion  lies  in  the  differences  between  TV. 
primigenum  and  the  most  otariine-like  species  of  enaliarc- 
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tine,  Pteronarctos  geodertae.  Pteronarctos  goedertae  differs 
from  Neotherium  primigenum  by  having:  1)  broader,  more 
U-shaped  internal  narial  opening;  2)  smaller  pterygoid  pro- 
cess of  maxilla  ventral  to  orbit;  3)  flatter  palate  with  largest 
palatine  foramina  located  farther  anteriorly,  between  P4’s 
rather  than  between  Mps;  4)  alveoli  for  cheek  teeth  smaller; 
5)  less  prominent  strut  of  pterygoid  lateral  to  the  alisphenoid 
canal;  6)  occipital  condyles  more  divergent  dorsally;  7)  tym- 
panic bulla  more  inflated;  8)  braincase  lower-vaulted  and  less 
anteroposteriorly  elongated;  9)  wider  paroccipital  process; 
1 0)  smaller  posterior  lacerate  foramen;  1 1 ) zygomatic  arches 
straighter,  less  bowed  laterally,  more  slender,  and  less  arched 
dorsally;  12)  ear  region  positioned  farther  anteriorly  on  ba- 
sicranium;  13)  mastoid  process  smaller,  more  laterally  di- 
rected, and  not  so  cubic  in  shape;  14)  infraorbital  foramen 
smaller;  15)  greater  facial  angle;  16)  postorbital  constriction 
less  tapered  posteriorly;  1 7)  rostrum  less  parallel-sided,  but 
instead,  more  tapered  anteriorly,  and  not  so  swollen  antero- 
laterally  to  accommodate  the  canine  roots;  1 8)  canine  crown 
more  procumbent;  1 9)  anterior  rostral  extremity  more  point- 
ed; 20)  media  (protocone)  portion  of  root  of  P4  located  more 
posteriorly;  21)  M1  with  larger  posterior  root  that  is  also 
aligned  more  directly  posterior  to  the  anterior  root;  22)  mas- 
toid process  positioned  relatively  farther  anteriorly,  and  ex- 
ternal acoustic  meatus  resultantly  more  compressed  antero- 
posteriorly; 23)  nasal  bones  shorter,  more  expanded  anteriorly, 
with  more  concave  anterior  margins  and  extending  farther 
posteriorly  on  skull  relative  to  anterior  margin  of  orbit;  24) 
frontal  not  extending  as  far  anteriorly  between  nasal  and 
maxilla;  25)  lambdoidal  crests  projecting  farther  posteriorly 
over  occipital  shield;  26)  sagittal  crest  lower  and  shaped  dif- 
ferently; and  by  being  27)  50  percent  smaller. 

PELAGIARCTOS  THOM  AS  I 
BARNES,  1988 

This  large  species  is  apparently  a member  of  the  subfamily 
Imagotariinae,  based  on  the  morphology  of  the  horizontal 
ramus  of  the  dentary,  on  the  outline  of  the  symphyseal  area, 
and  on  the  cusp  pattern  of  the  cheek  tooth  crowns.  I spec- 
ulated (Barnes,  1988)  that  the  animal  may  have  been  a pred- 
ator on  marine  vertebrates.  It  is  a rare  animal,  known  only 
by  a very  few  specimens  from  the  Middle  Miocene  Shark- 
tooth  Hill  Bonebed  in  California.  It  is  distinguished  by  its 
large  canines,  whose  roots  are  bilobed  in  cross  section;  its 
bulbous  cheek  tooth  crowns;  and  its  firmly  ankylosed  man- 
dibular symphysis.  This  latter  feature  is  convergent  with  un- 
related extant  walruses. 

KAMTSCHA TARCTOS  SINELNIKO VAE 
DUBROVO,  1981 

This  species  was  described  as  the  sole  member  of  a new 
subfamily,  the  Kamtschatarctinae,  which  Dubrovo  classified 
in  the  family  Enaliarctidae.  Her  naming  of  this  new  subfamily 
only  serves  to  further  underscore  my  statements  above  about 
the  unserviceability  of  an  expanding  otarioid  classification 
that  has  an  excess  of  family-group  taxa  with  few  included 
genera  and  species.  Quite  aside  from  that  problem,  however. 


I suggest  that  there  is  little  about  the  anatomy  of  Kamtschat- 
arctos  sinelnikovae  to  indicate  that  the  species  is  an  enaliarc- 
tine  (or  enaliarctid)  in  the  sense  in  which  it  was  defined  by 
earlier  writers.  The  holotype  consists  of  a very  incompletely 
preserved  skull  and  a right  dentary  with  four  cheek  teeth. 
The  large  skull  is  almost  50  percent  larger  than  those  of 
species  of  enaliarctinae,  and  it  has  wide  glenoid  fossae  and 
a long,  flat  palate  that  are  unlike  those  of  any  enaliarctines. 
The  P4  and  M‘~2  are  each  three-rooted,  features  that  Dubrovo 
(1981,  1 984)  emphasized  in  distinguishing  the  new  subfamily 
Kamtschatarctinae.  The  retention  of  three  separate  roots  on 
each  of  these  last  three  upper  cheek  teeth  is  a primitive  char- 
acter, however,  and  does  not  necessarily  serve  to  diagnose 
the  Kamtschatarctinae  or  to  include  Kamtschatarctos  in  the 
Enaliarctidae  (=  Enaliarctinae).  The  Early  Miocene  species 
of  Enaliarctos  actually  represent  a more  derived  state  of 
cheek  tooth  root  structure,  with  three  roots  present,  as  in 
Kamschatarctos  sinelnikovae,  only  on  P4,  two  roots,  rather 
than  three,  on  M1  (the  posterior  one  being  comprised  of  two 
coalesced  roots),  and  only  a single,  bilobed  root  on  M2  (formed 
from  two,  or  ultimately  of  three,  coalesced  roots,  but  never 
three  separate  roots). 

lmagotaria  downsi,  which,  depending  on  the  classification 
one  accepts,  is  either  in  a separate  subfamily  (either  Ima- 
gotariinae or  Dusignathinae)  or  family  than  Dubrovo  has 
indicated  for  Kamtschatarctos,  and  has  an  upper  cheek  tooth 
root  pattern  that  is  similar  to  that  of  Kamtschatarctos,  with 
two  roots  each  on  P4  and  M1,  and  in  each,  the  posterior  one 
being  clearly  bilobed  and  obviously  formed  from  two  co- 
alesced roots,  and  three  roots  on  M2  (Repenning  and  Tedford, 
1 97  7:pl.  8,  fig.  1).  The  pattern  of  the  roots  of  P4-M2  of  Ima- 
gotaria  downsi  could  have  evolved  simply  through  root  co- 
alescence from  that  of  Kamtschatarctos  sinelnikovae,  but  nei- 
ther of  these  species  could  have  evolved  their  root  patterns 
from  the  more  derived  conditions  that  exist  in  any  of  the 
presently  known  species  of  Enaliarctinae. 

Dubrovo  ( 1 984)  further  characterized  K.  sinelnikovae  (and 
the  subfamily  Kamtschatarctinae)  as  lacking  the  P,.  This  is 
not  the  tooth  that  is  usually  lost  in  pinnipeds  that  have  ex- 
perienced cheek  tooth  reduction;  it  is  the  molars  that  are  lost. 
I suggest  that  the  loss  of  P,  in  the  holotype  of  K.  sinelnikovae 
is  probably  a nondiagnostic  feature  and  more  likely  was  the 
result  of  injury,  pathology,  or  individual  variability.  Such 
random  losses  of  teeth  in  otariids  have  been  reported  in  fossil 
Allodesmus  kernensis  (Barnes,  1970:17,  fig.  18,  1972:27,  fig. 
16),  A.  packardi  (Barnes,  1972:49,  fig.  19),  lmagotaria  downsi 
(Barnes,  1971:3,  6,  figs.  1-3),  in  living  Zalophus californianus 
(Barnes,  1970:20),  Callorhinus  ursinus  (Scheffer  and  Kraus, 
1964:312),  and  other  Recent  species  of  Otariinae  (Mitchell, 
1968:1847). 

The  dentary  of  K.  sinelnikovae  has  a nearly  straight  ventral 
border  and  a small  angular  process.  The  mandibular  condyle 
is  positioned  relatively  low  on  the  dentary,  only  slightly  higher 
than  the  level  of  the  cheek  tooth  row,  and  the  coronoid  pro- 
cess has  a long,  gently  sloping  anterior  side  and  a nearly 
vertical  posterior  side  that  stops  anterior  to,  rather  than  over- 
hanging, the  condyle.  In  these  characters,  the  morphology  of 
the  dentary  is  most  similar  to  mandibles  that  have  been 
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referred  to  the  imagotariine  Imagotaria  downsi  (Barnes,  1971; 
Repenning  and  Tedford,  1977:22-23,  pi.  5,  figs.  2a,  b).  The 
closest  relationships  of  K.  sinelnikovae,  therefore,  seem  not 
to  be  with  enaliarctines,  but  rather  with  Imagotaria,  and  I 
classify  Kamtschatarctos  in  the  subfamily  Imagotariinae  and 
place  the  subfamily  Kamtschatarctinae  in  synonymy.  The 
available  specimens  and  data  indicate  that  within  the  Ima- 
gotariinae, K.  sinelnikovae  is  more  primitive  than  Imagotaria 
downsi,  but  further  comparisons  must  be  made  between  these 
and  other  species  in  the  subfamily  to  verify  the  relationships 
that  I have  suggested. 

The  classification  below  includes  all  currently  recognized 
fossil  and  living  otariid  species.  I follow  King  (1978)  and 
Oliva  (1988)  and  recognize  Otaria  byronia  as  the  valid  species 
for  the  living  South  American  sea  lion.  A “+”  indicates  a 
fossil  taxon.  Authors  and  dates  within  parentheses  indicate 
a name  that  is  used  in  a different  context  or  rank  than  orig- 
inally proposed. 

Family  Otariidae  Gill,  1866 

+ Subfamily  Enaliarctinae  Mitchell  and  Tedford,  1973 
+Enaliarctos  Mitchell  and  Tedford,  1973 
+ Enaliarctos  mealsi  Mitchell  and  Tedford,  1973 
+Enaliarctos  mitchelli  Barnes,  1979 
+ Pteronarctos,  NEW  GENUS 
+ Pteronarctos  goedertae,  NEW  SPECIES 
A Pinnarctidion  Barnes,  1979 
+Pinnarctidion  bishopi  Barnes,  1979 
Subfamily  Otariinae  (Gill,  1866)  (inch  Arctocephalinae  von 
Boetticher,  1934;  Callorhinae  de  Muizon,  1978) 
+Pithanotaria  Kellogg,  1925 
+ Pithanotaria  starri  Kellogg,  1925 
Callorhinus  G ray,  1859 

+ Ca//orhinus  gilmorei  Berta  and  Demere,  1986 
Callorhinus  ursinus  (Linnaeus,  1758) 

A Thalassoleon  Repenning  and  Tedford,  1977 

+ Thalassoleon  mexicanus  Repenning  and  Tedford, 
1977 

+ Thalassoleon  macnallyae  Repenning  and  Tedford, 
1977 

Arctocephalus  Geoffrey  Saint-Hilaire  and  Cuvier,  1826 
Arctocephalus  philippii  (Peters,  1866) 
Arctocephalus  townsendi  Merriam,  1897 
Arctocephalus  galapagoensis  Heller,  1904 
Arctocephalus  forsteri  (Lesson,  1828) 

Arctocephalus  gazella  (Peters,  1875) 

Arctocephalus  tropicalis  (Gray,  1872) 

A Arctocephalus  lomasiensis  de  Muizon,  1978 
Arctocephalus  australis  (Zimmerman,  1783) 
Arctocephalus  pusillus  (Schreber,  1776) 

Zalophus  Gill,  1866 
Zalophus  californianus  (Lesson,  1828) 

Phocarctos  Peters,  1866 
Phocarctos  hookeri  (Gray,  1 844) 

Neophoca  Gray,  1866 
A Neophoca  palatina  King,  1983b 
Neophoca  cinerea  (Peron,  1816) 

Otaria  Peron,  1816 


Otaria  byronia  (Blainville,  1820)  (=  O.  Jlavescens 
[Shaw,  1800]) 

Eumetopias  Gill,  1866 
AEumetopias  ojiyaensis  Horikawa,  1981 
Eumetopias  jubatus  (Schreber,  1776) 

+ Subfamily  Desmatophocinae  (Hay,  1930) 

A Desmatophoca  Condon,  1906 
A Desmatophoca  oregonensis  Condon,  1906 
A Desmatophoca  brachycephala  Barnes,  1987 
-1-Subfamily  Allodesminae  (Kellogg,  1931) 

AA/lodesmus  Kellogg,  1922  (inch  Atopotarus  Downs, 
1956) 

A Allodesmus  courseni  (Downs,  1956) 

AAllodesmus  kernensis  Kellogg,  1 922  (inch  A.  kelloggi 

Mitchell,  1966) 

A Allodesmus  packardi  Barnes,  1972 
+ “Desmatophocine  B”  of  Barnes,  1972 
+ “Desmatophocine  C”  of  Barnes,  1972 
+ Subfamily  Imagotariinae  Mitchell,  1968  (inch  Kam- 
tschatarctinae Dubrovo,  1981) 

ANeotherium  Kellogg,  1931  (provisionally  inch  Proto- 
tana  Takeyama  and  Ozawa,  1984) 

ANeotherium  primigenum  (Takeyama  and  Ozawa, 
1984),  PROVISIONAL  NEW  COMBINATION 
ANeotherium  mirum  Kellogg,  1931 
A Pelagiarctos  Barnes,  1988 
APelagiarctos  thomasi  Barnes,  1988 
A Kamtschatarctos  Dubrovo,  1981,  NEW  CONTEXT 
A Kamtschatarctos  sinelnikovae  Dubrovo,  1981 
A Imagotaria  Mitchell,  1968 
A Imagotaria  downsi  Mitchell,  1968 
+ “Desmatophocine  A”  of  Barnes,  1972 
APontolis  True,  1905 
APontolis  magnus  (True,  1905) 

+ Subfamily  Dusignathinae  Mitchell,  1968 
A Dusignathus  Kellogg,  1927 
ADusignathus  santacruzensis  Kellogg,  1927 
APliopedia  Kellogg,  1921 
APliopedia  pacifica  Kellogg,  1921 
AValenictus  Mitchell,  1961 
AValenictus  imperialensis  Mitchell,  1961 
Subfamily  Odobeninae  (Allen,  1880) 

AAivukus  Repenning  and  Tedford,  1977 

AAivukus  cedrosensis  Repenning  and  Tedford,  1977 
A Prorosmarus  Berry  and  Gregory,  1906 
A Prorosmarus  alleni  Berry  and  Gregory,  1906 
A Alachtherium  du  Bus,  1867 
A Alachtherinm  cretsii  du  Bus,  1967 
A Alachtherium  antverpiensis  (Rutten,  1907) 

+ Trichecodon  Lankester,  1865 
ATrichecodon  huxleyi  Lankester,  1865 
ATrichecodon  koninckii  Van  Beneden,  1877 
Odobenus  Brisson,  1762  (inch  IHemicaulodon  Cope, 
1869) 

Odobenus  rosmarus  (Linnaeus,  1758) 

Otariidae,  incertae  sedis 
AOriensarctos  Mitchell,  1968 
AOriensarctos  watasei  (Matsumoto,  1925) 
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CONCLUSIONS 

Pteronarctos  goedertae,  new  genus  and  species,  is  the  geo- 
chronologically  youngest  known  taxon  in  the  primitive  otar- 
iid  subfamily  Enaliarctinae  Mitchell  and  Tedford,  1973.  The 
only  known  specimen  of  P.  goedertae  was  collected  from  the 
base  of  the  Astoria  Formation  ( 1 5 to  19  m.y.a.)  near  Newport, 
Oregon,  and  is  late  Early  Miocene  in  age.  The  lower  part  of 
the  Astoria  Formation  represents  the  lower  part  of  the  New- 
portian  Molluscan  Stage  and  is  correlative  with  the  Hem- 
ingfordian  North  American  Land  Mammal  Age  and  the  Bur- 
digalian  Stage  of  Europe,  and  the  age  of  P.  goedertae  is, 
therefore,  probably  close  to  19  million  years.  This  is  ap- 
proximately 5 million  years  younger  than  the  three  previ- 
ously described  species  of  enaliarctines  Enaliarctos  mealsi 
Mitchell  and  Tedford,  1973,  E.  mitchelli  Barnes,  1979,  and 
Pinnarctidion  bishopi  Barnes,  1979,  all  of  which  are  known 
from  the  early  Early  Miocene  age  Pyramid  Hill  Sand  Member 
of  the  Jewett  Sand  in  California.  Pteronarctos  goedertae  is 
closely  related  to  Enaliarctos  and  retains  some  primitive 
characters  that  exclude  it  from  consideration  as  a descendant 
of  either  of  the  earlier  species  in  that  genus,  but  the  two  genera 
may  have  shared  a common  ancestry  in  Late  Oligocene  time. 
Pteronarctos  goedertae  shares  certain  derived  characters  with 
the  living,  relatively  primitive  species  of  fur  seals  in  the  genus 
Arctocephalus  Geoffroy  Saint-Hilaire  and  Cuvier,  1826,  and 
is,  therefore,  within  the  otariid  subfamily  Enaliarctinae,  the 
taxon  that  is  closest  to  the  ancestry  of  the  modem  subfamily 
Otariinae  (sea  lions  and  fur  seals).  The  stage  of  evolution  of 
P.  goedertae  suggests  that  the  evolutionary  transition  from 
Enaliarctinae  to  Otariinae,  although  not  yet  demonstrated 
by  fossils,  occurred  in  the  Middle  Miocene.  The  cheek  den- 
tition of  P.  goedertae  had  evolved  progressively  somewhat 
in  the  direction  of  homodonty  (such  as  exists  in  various 
derived  otariids),  but  it  retained  a vestige  of  the  carnassial 
structure  characteristic  of  the  earlier  enaliarctines. 

There  is  abundant  evidence  at  present  to  suggest  that  otar- 
ioid  pinnipeds  are  monophyletic.  This,  coupled  with  the  fact 
that  the  various  subfamilies  Enaliarctinae,  Otariinae,  Des- 
matophocinae,  Allodesminae,  Imagotariinae,  Dusignathi- 
nae,  and  Odobeninae  share  a suite  of  derived  characters  and 
that  there  are  other  characters  shared  among  the  subfamilies 
in  various  combinations,  justifies  their  classification  in  a sin- 
gle family,  the  Otariidae,  sensu  lato.  This  family  is  compa- 
rable in  morphologic  and  taxonomic  diversity  and  in  phy- 
logenetic unity  with  some  other  families  of  mammals, 
including  the  true  seals,  the  Phocidae. 

A revised  classification  of  the  Otariidae  includes  seven 
subfamilies.  It  reflects  mainly  differences  in  rank  rather  than 
in  implied  relationships  compared  with  the  classification  that 
was  used  by  Repenning  and  Tedford  (1977),  which  was  de- 
signed to  conform  to  the  usage  of  suprageneric  groups  by 
neontologists.  Systematic  treatments  of  Recent  taxa  are 
changing,  however,  under  the  influence  of  data  from  the  fossil 
record  (compare  Hall,  1981,  versus  Hall  and  Kelson,  1959). 
1 propose  the  suppression  of  Hvdrarctos  de  Muizon,  1978, 
as  a subgenus  of  Arctocephalus,  suppression  of  Callorhinae 
de  Muizon,  1978,  as  a subfamily  of  Otariidae,  provisional 


synonymy  of  Prototaria  Takeyama  and  Ozawa,  1984,  with 
Neotherium  Kellogg,  1931,  provisional  reassignment  of  the 
resulting  N.  primigenum  (Takeyama  and  Ozawa,  1984),  new 
combination,  to  the  subfamily  Imagotariinae,  suppression  of 
the  subfamily  Kamtschatarctinae  Dubrovo,  1981,  and  inclu- 
sion of  its  type  genus,  Kamtschatarctos  Dubrovo,  1981,  in 
the  subfamily  Imagotariinae. 
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